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A crystalline protein of high molecular weight possessing the 
properties of tobacco mosaic virus was isolated in 1935 by chemical 
means from mosaic-diseased Turkish tobacco plants (1). The 
isolation of this tobacco mosaic virus protein has been confirmed 
by several workers (2-8) and the protein has been the subject of 
rather extensive investigations (9, 10). The evidence which has 
been accumulated indicates that the heavy protein is tobacco 
mosaic virus. Attention was directed to the possibility that 
proteins of high molecular weight might occur in the cases of other 
virus diseases. Application of the general method used for the 
isolation of tobacco mosaic virus has resulted in the purification 
of five different strains of this virus (10-13), and of latent mosaic 
(14, 15), bushy stunt (16), and tobacco necrosis (17) viruses. 
However, evidence has been obtained that the chemical methods 
cause changes in tobacco mosaic virus (10, 18-20), as well as con- 
siderable inactivation of latent mosaic virus (14). Furthermore, 
serious difficulties due to inactivation were encountered when the 
chemical methods used for the isolation of tobacco mosaic virus 
were applied to less stable viruses such as tobacco ring spot virus. 
The strictly chemical methods were abandoned when the quantity 
ultracentrifuge became available (21, 22), and it was found possible 
to prepare tobacco mosaic virus rapidly, efficiently, and in the cold 
by means of differential centrifugation (23). It seemed likely that 
the centrifugation method should be vastly superior for the isola- 
tion of proteins of high molecular weight that were unstable or 
occurred in low concentration. This proved to be the case, for no 
difficulty was encountered in isolating from Turkish tobacco plants 
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diseased with tobacco ring spot virus, by means of the ultra- 
centrifugation method, small amounts of a protein of high molec- 
ular weight possessing the properties of this virus (24). Since 
then several other viruses have been isolated by means of this 
method (25-28). The present paper includes a detailed descrip- 
tion of the isolation, yields, and properties of tobacco ring spot 
virus obtained by means of differential centrifugation. 


EXPERIMENTAL 


Method of Isolation— Rapidly growing Turkish tobacco plants 
about 3 to 4 inches high and in 4 inch pots were inoculated by 
rubbing three leaves of each plant once with a bandage gauze 
pad saturated with an inoculum prepared by diluting | part of 
the freshly extracted juice of a tobacco ring spot-diseased ‘Turkish 
tobacco plant with 9 parts of 0.1 mM phosphate buffer at pH 7. 
Between 2 and 3 weeks later the inoculated leaves and the leaves 
bearing necrotic lesions, similar to those on the lower three-fourths 
of the plant shown in Fig. 1, were removed and placed in a room 
held at —14°. The leaves were put through a meat grinder while 
frozen, 4 per cent by weight of disodium phosphate in the form of 
a 50 per cent aqueous solution was added, and the macerated pulp 
was allowed to warm up to 4°. The juice was pressed out through 
four layers of bandage gauze and in a room held at 4° was filtered 
by gravity through Carl Schleicher and Schill No. 1450} filter 
paper or by suction through a thin layer of celite (Standard 
supercel) on a Buchner funnel. In the preparation of samples in 
which it was desired to avoid the use of phosphate, the juice was 
pressed from the pulp directly after thawing, adjusted to about 
pH 7 by the addition of 0.2 N sodium hydroxide, added to the 
pulp, and after stirring again pressed out and filtered as just 
described. The total nitrogen content of the different samples of 
filtered juice has been found to be about 1.0 to 1.3 mg. per ee. and 
the protein nitrogen content to be about 0.45 to 0.75 mg. per ce. 

Celluloid tubes 3 inches in length and ? inch in diameter were 
filled to within 3 inch of the tops with 15 ec. portions of the cold, 
filtered juice, and eight tubes carrying bakelite caps to prevent 
collapse of the tubes were placed in the head of a quantity centri- 
fuge that had previously been cooled to 0°. This material was 
then centrifuged for 1} hours at a speed of about 30,000 R.P.M., 
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corresponding to a field of about 90,000 times gravity. The head 
carrying the infectious juice was spun in a vacuum: henee it 
warmed up but little during centrifugation. Material at 0° 
placed ina centrifuge head cooled to the same temperature was 


hic. }. Turkish tobaeco plant diseased with tobaeceo ring spot virus 
The lower leaves show the primary necrotic lesions due to the inoculation 
of the virus, the center leaves show the necrotic lesions due to the systemic 
spread of virus, and the uppermost leaves show evidence of recovery 
(20, 30) from the disease. Photograph by J. A. Carlile. 


usually found to be at about 4° or 5° after 2 hours centrifugation. 
It was of the utmost importance to be able to carry out the ultra- 
centrifugation in the cold, for ring spot virus is quite unstable and 
| becomes almost completely inactivated on merely standing at 
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room temperature for | day (31). The tubes were removed from 
the head immediately after centrifugation, the upper 50 per cent 
of the supernatant liquid was removed by means of a pipette, and 
the remaining liquid was quickly decanted from the small, green- 
colored, solid pellets at the bottoms of the tubes. The upper por- 
tion of the supernatant liquid was analyzed for protein nitrogen 
and tested for virus activity. As may be seen from the results 
given in Table [, it contained about. SO per cent of the protein 


TABLE | 
Effect of Ultracentrifugation on Protein Content and Virus Activity of 
Filtered Juice from Tobacco Ring Spot-Diseased 
Turkish Tobacco Plants 

The numbers represent the average number of lesions per leaf obtained 
on inoculation of twenty or more leaves of cow-pea (Vigna sinensis, var. 
Black Eye) with the designated preparation and dilution. All solutions 
tested were at pH 7 and contained 0.1 mM phosphate buffer. 


Dilution of preparation 


Preparation No. Protein 
1:10 1: 100 1: 1000 
wig. 
per ce. 
|. Filtered infectious juice 4.6 2.4 8.3 4 003 


2. Upper 50% of supernatant liquid of 3.7 | 
Preparation 1 after ultracentrifu- 
gation 

3. Upper 50% of supernatant quid 1.0 0.1 0.0 

after 2nd ultracentrifugation : 


4. Solution of 3 times ultracentrifuged 0.1 53.0 7.4 0.7 
virus protein 
5. Solution of 4 times ultracentrifuged O.1 5338.0) 10.2 1.4 0.2 


virus protein 


present before ultracentrifugation and, since it gave no lesions aft 
a dilution of 1:10, it probably contained less than | per cent of the 
original activity. The pellets at the bottoms of the centrifuge 
tubes were well suspended in cold 0.1 M phosphate buffer at pH 7 
or in cold distilled water in earlier experiments, and in cold 0.01 
mM phosphate buffer in later experiments. The volume of the sol- 
vent was about one-fifth that of the juice used as starting material. 
The heavy protein went into solution and the pigment and colloidal 
material, which remained in suspension, were removed by cen- 
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trifugation in a cold room in an angle centrifuge for 50 minutes at 
about 3000 R.p.M. The clear supernatant liquid was pipetted 
from the precipitate obtained on low speed angle centrifugation 
and again subjected to ultracentrifugation for 1} hours at 30,000 
R.P.M. The procedure involving ultracentrifugation, separation 
of supernatant liquid from pellet, solution of pellet, and low speed 
centrifugation was repeated two to four times. Each ultracen- 
trifugation served to aggregate finely divided colloidal matter 
and to sediment this aggregated matter together with any soluble 
material of high molecular weight, with the formation of a pellet 
at the bottom of the tube. This permitted the separation from 
material of low molecular weight in the supernatant liquid. Each 
low speed centrifugation of the suspension of this pellet served to 
separate much of the aggregated matter from the soluble material 
of high molecular weight. As the extraneous material was _ re- 
moved, the amount of solvent used was decreased so that the 
solutions which were centrifuged contained from 1 to 5 mg. of 
protein perce. After three or four ultracentrifugations, the upper 
half of the supernatant liquid was usually found to give no test 
for protein and the practically colorless pellet to consist of heavy 
protein which gave a fairly sharp boundary in the analytical ultra- 
centrifuge. Occasionally a preparation was encountered which 
retained a green-colored pigment through several centrifugations. 
It was found that the green pigment could be dissociated from the 
protein and precipitated by the addition of sufficient ammonium 
sulfate to make about a 10 per cent solution. After low speed 
centrifugation, the virus remained in a colorless condition in the 
supernatant liquid and the pigment was obtained in the sediment. 
However, as will be shown later, such treatment with ammonium 
sulfate results in a loss of virus activity. The heavy protein has 
been isolated from diseased plants of Turkish tobacco, Nicotiana 
glutinosa, L., and Holmes’ necrotic type of Turkish tobaeco (32), 
and the yield has varied from about 0.005 to 0.05 mg. per gm. of 
starting material. The lowest yields were obtained when leaves 
from recovered plants (29) were used, and the highest yields were 
obtained when only the lesion-marked leaves from the Holmes 
necrotic type of Turkish tobacco plants were used. 

Activity of Purified Virus—The virus activity of the protein of 
high molecular weight isolated from ring spot-diseased tobacco 
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plants by ultracentnfugation was tested on the primary leaves of 
cow-pea (Vigna sinensis, Eendlicher, var. Black Kye) plants aceord- 
ing to the method deseribed by Price (30). It may be seen from the 
results which are presented in Table I that solutions containing 
but 10-7 gm. of the protein per ec. (a 1:1000 dilution of a prepara- 
tion containing 0.1 mg. of protein per ec.) were active and capable 
of causing necrotic lesions on cow-pea leaves. When normal 
Turkish tobacco plants were inoculated, the same solutions or 
more concentrated solutions caused the regular tobacco ring 
spot disease. ‘The juice from ring spot-diseased Turkish tobacco 
plants was not active at dilutions greater than about 1:1000 
when tested on cow-pea leaves; hence the protein was more than 
10,000 times as active as the starting material. In order to es- 
timate more accurately by activity tests the amount of virus pres- 
ent in filtered infectious juice, dilutions of the latter in 0.1 m 
phosphate buffer at pH 7 were tested directly against solutions 
containing known amounts of purified virus by means of the leaf 
pair method. In this method, the two primary leaves on each of 
a number of cow-pea plants are utilized; one of the primary leaves 
is inoculated with one preparation and the remaining or paired 
leaf is inoculated with the preparation used for comparison. This 
procedure, which is similar in principle to the half leaf method used 
in activity tests with tobacco mosaic virus in that it serves to 
reduce variation in results due to differences in host susceptibility 
(33), was adopted in place of the half leaf method because the 
primary leaves of the cow-pea plant are relatively small. It may 
be seen from the results, which are presented in Table II, that in 
Tests 1 and 2 solutions containing 10~°, 10~°, and 10~* gm. of the 
purified material per ec. gave about the same numbers of lesions 
as filtered infectious juice, undiluted and diluted 1:10 and 1:100, 
respectively. In Test 3 a solution containing 3 X& 10°° gm. of 
protein per cc. gave many more lesions than juice diluted 1:10, 
and in Test 4 a solution containing 2 K 10~* gm. of protein per ce. 
gave slightly fewer lesions than a sample of juice diluted 1:10. 
These results indicate that the material isolated was about 100,000 
times more active than the juice used as starting material, and 
hence that the latter contained at least 1 part in 100,000 of active 
material. The activity measurements thus agree well with the 
actual yield of about 1 part of heavy protein per 100,000 parts of 
the starting material. 
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General Prope reves Solutions contaiming or more Hig. of 
tobacco ring spot virus per ce. are opalescent and give the usual 
tests for protein. ‘The virus is denatured and inactivated on treat- 
ment with 36 per cent urea in O.OL mM phosphate buffer at pH 7. 
Ring spot virus differs from tobacco mosaic virus in that neither 
the urea nor other types of denaturation are accompamed by the 
appearance Of a positive nitroprusside reaction (34). “Treatment 
with nitrous acid or with hydrogen peroxide also Causes Inactiva- 
tion. When solutions containing virus and a small amount of 
electrolyte are heated for 5 minutes at a temperature of about 
64°, the activity is lost, the nuclere acid and protein components 
of the virus are separated, and the protein is denatured and co- 


TABLE II 
Comparison of Virus Activity of Purified Virus Protein with That of Filtered 
Juice from Tobacco Ring SN pot-Dise ased Turkish Tobacco Plants 
The numbers represent the average number of lesions per leaf obtained 
on inoculation of twenty or more paired leaves of cow-pea (Vigna sinensis, 
var. Black Eve) with the designated preparation and dilution. AIL solu- 
tions tested were at pH 7 and contained 0.1 M phosphate buffer. 


Test No I 2 3 4 
Dilution of juice 1:101:100) 1] 1: 1012100 1:10 1:10 
Filtered infeetious 

juice 12.3:16.4 11.5 | 16.3 15.38 
Purified virus protein 29.813.8 0.2. 68 2.3 0.1 40.3 14.3 
Dilution of purified 

virus, gm. per ce 10-* 10-5 10-* 107° 3X 10-* 10-* 


agulated. The drying of aqueous solutions of virus, even in the 
frozen state, results in denaturation of the protein and complete 
loss of activity. The specifie volume of the virus was caleulated 
from the specific gravity of a dilute solution of known concentra- 
tion and found to be 0.636, corresponding to a specifie gravity of 
1.57. The sedimentation constant of ring spot virus in 0.1 M 
phosphate buffer at pH 7 was kindly determined by Dr. Ralph 
W. Wryekoff and found to be 115 & 10°" em. see. dyne'. 
The sedimentation pictures are shown in Fig. 2. The isoelectric 
point of the virus was found to be pH 4.7, by means of the North- 
rop-Kunitz cataphoresis apparatus. The absorption spectrum was 
kindly determined by Dr. G. I. Lavin and the curve was found to 
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be similar to those of other viruses, except that the absorption was 
considerably greater and the maximum was shifted from 2650 
to about 2600 A. (unpublished data). 

Solutions of ring spot virus do not exhibit the double refraction 
of flow shown by solutions of tobacco mosaic and latent mosaic 
viruses. A previous report (35) that a solution containing 0.2 
mg. of ring spot virus per cc. gave an amount of stream double 
refraction corresponding to a galvanometer deflection of less than 
|! mm. is incorrect, for it has since been found that the deflection 
was due to an artifact. When any cold solution, even cold dis- 
tilled water, is placed in the vessel of the stream double refraction 
apparatus at room temperature and caused to flow, there is a small 
deflection due apparently to density differences or to the formation 
of strains in the glass vessel. This was the cause of the small 


reading previously reported for ring spot virus, for in an attempt 


Fig. 2. Sedimentation pictures of tobaceo ring spot virus in 0.1 Mw phos- 
phate buffer at pH 7 obtained by the absorption method, by Dr. Ralph 
W. Wyekoff. 


to retain the activity of the virus, solutions at about 4° were used, 
It has now been found that solutions containing as much as 3 me. 
of ring spot virus per ce. at room temperature show no evidence of 
double refraction of flow: hence there is no reason to believe that 
the molecules of ring spot virus are asymmetrical in shape. Ring 
spot virus also differs from tobacco mosaic and latent mosaic 
viruses in that the pellets of virus obtained on high speed cen- 
trifugation are isotropic and in that concentrated solutions do not 
separate into two layers on standing. X-ray examination of the 
pellets obtained on high speed centrifugation indicated some ori- 
entation, but all attempts to obtain tobacco ring spot virus in 
erystalline form by dialysis or by the use of ammonium sulfate 
have resulted in failure. It is possible that the extreme instability 
of the virus results in the presence of inactive degradation products 
and makes crystallization difficult or impossible. 
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Antiserum to tobacco ring spot virus was kindly prepared by 
Dr. H. 8S. Loring by injecting a rabbit intraperitoneally with 2 ce. 
portions of a solution containing 1.5 mg. of virus per cc. five times 
during the course of 2 weeks. The rabbit was bled 10 days after 
the last inoculation, the blood was allowed to clot, and the serum 
was decanted and centrifuged twice. The antiserum was diluted 
1:50 with a solution of 0.85 per cent sodium chloride and tested 
for precipitating antibodies with varying dilutions of tobacco 
ring spot, tobacco mosaic, and latent mosaic viruses in 0.85 per 
cent sodium chloride. The antiserum to tobacco ring spot virus 
gave a precipitate with 10°-° gm. of the homologous antigen and 
failed to give a precipitate with the viruses of tobacco mosaic or 
latent mosaic. 

Tsolation of Nucleic Acid Tobacco ring spot virus was found to 
contain 7.34 to 7.86 per cent hydrogen, 50.39 to 50.61 per cent 
earbon, 14.29 to 14.94 per cent nitrogen, 0.39 per cent sulfur, 
3.2 to 4.1 per cent phosphorus, and 14.8 to 18.3 per cent carbo- 
hydrate. The amounts of phosphorus and carbohydrate were 
found to vary somewhat according to the extent of the treatment 
to which the preparation had been subjected. The high phos- 
phorus and carbohydrate contents and the absorption spectrum of 
the virus indicated that it could be a nucleoprotein containing an 
unusually large amount of nucleic acid. Accordingly, an attempt 
was made to isolate nucleic acid from the material by means of 
the method described by Johnson and Harkins (36) for the isola- 
tion of yeast nucleic acid. Sufficient concentrated sodium hy- 
droxide was added to 10 ec. of a cold solution containing 61 mg. of 
tobacco ring spot virus to make a 3 per cent solution, and the mix- 
ture was allowed to stand for 2 hours at 0°. Then 0.45 ec. of 
glacial acetic acid was added to make the solution acid to litmus 
and the precipitate which formed was removed by centrifugation. 
The precipitate was washed twice with 10 cc. of water and once 
with 5 ce. of dilute acetate buffer. The wash liquids plus the clear, 
colorless supernatant liquid were acidified to Congo red paper with 
concentrated hydrochloric acid, an equal volume of ethyl alcohol 
was added, and the voluminous white precipitate which formed on 
acidification was removed by centrifugation and washed three 
times with ethyl aleohol. The protein component was found to 
contain 0.9 per cent phosphorus, so it was again subjected to the 
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above treatment. The final yield was 17.5 mg. of nucleic acid 
and 37.6 mg. of protein containing less than 0.1 per cent phos- 
phorus. The remaining material (5.9 mg.) which was not isolated 
is considered to be nucleic acid remaining in solution in the super- 
natant liquid from the precipitation of the acid. In subsequent 
experiments comparable yields of nucleic acid and protein com- 
ponents were obtained following one treatment with 5 per cent 
sodium hydroxide. The nucleie acid which was isolated was found 
to contain 3.81 per cent hydrogen, 36.35 per cent carbon, 15.79 
per cent nitrogen, and 9.28 per cent phosphorus. The material 
is similar to yeast nucleic acid in that it gives negative Dische 
(37) and Feulgen (38, 39) reactions and a positive orcinol test. 
Tobacco ring spot virus is, therefore, a nucleoprotein containing 
the unusually large amount of about 40 per cent nucleic acid of a 
type similar to that obtained from yeast. This amount is about 
8 times that found in tobacco mosaic virus and approaches closely 
the amount found in sperm nucleoproteins (40). 

Effect of Storage—-Ring spot virus in expressed juice is known to 
become practically completely inactivated on standing at room 
temperature for about 1 day (81). It seemed possible that the 
inactivation might be caused by deleterious agents present in the 
juice; hence it was of interest to determine whether or not the 
purified virus would also become inactive on standing at room tem- 
perature and, if so, to determine the optimum conditions for 
storage. <A solution containing 10°° gm. of ring spot virus per ce. 
in 0.1 Mm phosphate buffer at pH 7 was prepared and divided into 
eight portions, four of which were held at 4° and four of which were 
held at 24°. The solutions held at 4° were tested by the leaf pair 
method against those held at 24° immediately after preparation 
and after 8 hours, | day, and 3 days. It may be seen from the 
results, which are presented in the first two rows of Table III, 
that the purified virus was practically completely inactivated 
after standing at 24° for 1 day and that it was completely inacti- 
vated after standing for 3 days. The virus held at 4° was quite 
active at the end of 3 days, although the reduced number of 
lesions which was obtained indicated that even at this temperature 
there was some loss of activity. The effect of standing at room 
temperature on more concentrated solutions of ring spot virus 
was also determined, and, although some activity remained after 
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8 days, most of the activity was lost. In an effort to learn some- 
thing of the optimum conditions for storing tobacco ring spot 
virus, solutions at pH 7 containing 10~* gm. of virus per cc. in 
water and in 0.01 mM phosphate buffer, respectively, were pre- 
pared, divided into two portions, stored at 4° and 24°, and 
tested for virus activity after different periods of time. It may 
be seen from the results presented in Table III that storage in 


TABLE III 
Effect on Tobacco Ring Spot Virus of Standing in Different Solvents 
and at Different Temperatures 
The numbers represent the average number of lesions per leaf obtained 
on inoculation of twenty or more paired leaves of cow-pea (Vigna sinensis, 
var. Black Eye) with the designated preparation. 


Time of standing before inoculation 


Temper- | 
0.1 br. 8 hrs, 3 days | 14 days 
0.1 Mm phosphate. ... 21.4; 9.2 8.5 
24 | 16.6 18.6 0.2; 0.0 | 
12.5 | 3.7 | 3.0, 11.4* 
0.01 m phosphate..... 27.6 | 31.8 | 21.1 
24 20.2 | 20.3 | 2.9 
24 5.0*| 1.0* | 


Water. 


* These solutions were adjusted to 0.01 mM phosphate just before the 
activity tests were made. In all other instances the activity tests were 
made in the same solvent in which the virus had been standing. 


aqueous solution for | day at 24°, as compared to storage at 4°, 
resulted in a 70 per cent reduction in the number of lesions, whereas 
under the same conditions except for the presence of 0.01 mM phos- 
phate buffer the reduction in the number of lesions was only 9 per 
eent. The reduction in the number of lesions was also less in the 
case of storage in 0.01 mM phosphate buffer for 3 and for 14 days. It 
may also be seen from the results of another experiment, in which 
solutions of virus in water and in 0.01 mM phosphate buffer were 
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allowed to stand at 24° and the aqueous solution then made up to 
0.01 m phosphate for the activity tests, that merely standing in 
water for 1 and for 3 days caused 71 and 87 per cent reductions, 
respectively, in the numbers of lesions. The finding that tobacco 
ring spot virus is rapidly inactivated in aqueous solution while 
fairly stable in 0.01 mM phosphate buffer was of considerable im- 
portance. Storage of ring spot virus in aqueous solution was 
originally adopted merely because such conditions had been found 
favorable for tobacco mosaic virus, yet it is now known that such 
conditions are in fact quite adverse to the ring spot virus. Since 
the findings just reported were obtained, it has been the practice 
to store preparations of ring spot virus, which are used from time 
to time during a period of several weeks, in 0.01 M phosphate buffer 
at pH 7 and at about 4°. 

In an effort to determine whether or not the virus could be 
stabilized at room temperature, the effeet of cysteine, sodium 
sulfite, and toluene on tobacco ring spot virus was studied. Solu- 
tions containing 5 X 10°° gm. of virus per ee. and 5 & 107-4 gm. 
of the different chemicals were prepared in 0.01 mM phosphate buffer 
at pH 7 and allowed to stand at 24°. Control preparations con- 
taining 5 & 10°° gm. of virus per ec. in 0.01 mM phosphate buffer 
at pH 7 were allowed to stand at 4° and at 24°. Portions of each 
were removed after the periods of time indicated in Table IV 
and tested for virus activity against the control preparation which 
had been held at 4°. It may be seen from the results presented in 
Table IV that cysteine had a stabilizing effect, toluene practically 
no effect, and sodium sulfite a deleterious effeet on virus activity. 
However, even in the case of cysteine at room temperature, the 
number of lesions after 5 days was only about 20 per cent of the 
number given by the control held at 4°. In a subsequent experi- 
ment in which a solution containing 10°4 gm. of virus per ec. and a 
solution containing the same amount of virus plus 10°% gm. of 
cysteine per cc. were both held at 24°, the numbers of lesions per 
leaf on 60 or more cow-pea leaves given by the two solutions were 
68.0 and 73.1, respectively, immediately after preparation, 19.8 
and 29.1, respectively, after 3 days, and 1.1 and 5.5, respectively, 
after 9 days. It is obvious that, although cysteine definitely 
retards the rate of inactivation of tobacco ring spot virus at room 
temperature, there is nevertheless considerable inactivation. 
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It was noted that a precipitate usually formed in the solutions 
of ring spot virus which became inactive on standing. It seemed 
probable that the inactivation was preceded by denaturation of 
the protein and, since the latter is usually accompanied by an in- 
crease In viscosity, the viscosity of solutions at pH 7 of ring spot 
virus in water and in 0.01 mM phosphate buffer was determined at 
room temperature and at 2.6°. The relative viscosity was found 
to be much less than that of comparable solutions of the very 
asymmetrical tobacco mosaic and latent mosaic viruses (14, 41). 


TABLE IV 
Effect of Different Agents on Tobacco Ring Spot Virus 
The numbers represent the average number of lesions per leaf obtained 
on inoculation of twenty or more paired leaves of cow-pea (Vigna sinensis, 
var. Black Eve) with the designated preparation. 


— 


Time of standing before inoculation 


Tem per- 

ature 

<Q..lhr. 7 hrs. 1 day 2days $5days 

Contro! 4 8.1 | 42.0 | 2.01 67 | 4S 
24 20.2 25.4 5.8 7.0 0.6 
4 23.0 65.5 28 .6 10.8 
Virus + cysteine 24 30.6 40.7 10.3 5.9 2.3 
Control a 4 24.0 41.4 42.1 13.8 8.4 
Virus + toluene 24 13.5 22.0 4.9 Q 4 0.3 
..... 4 30.4 44] 21.6 343 
Virus + Na.SQO, 24 14.6 11.5 1.6 0.0 0.0 


It was also found that solutions of the virus in water gradually 
became more viscous when allowed to stand at room temperature. 
For example, the relative viscosity of an aqueous solution contain- 
ing 2.8 mg. of virus per cc. rose from 1.034 to 1.047 during the 
course of 1 hour at 24.6° and to 1.101 during the course of 1 day. 
The relative viscosity of 2.8 mg. of virus per ec. in 0.01 M phosphate 
buffer remained constant at 1.019 during 1 hour at 24.6°. At 
2.6° the relative viscosity of an aqueous solution containing 2.8 
mg. of virus per ec. was 1.042 and for the corresponding solution 
in 0.01 mM phosphate buffer the value was 1.018, and both values 
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remained constant during a 2 hour period. The results indicate 
that changes, which are identical or similar to those involved in 
denaturation (42, 43), occur at room temperature in aqueous solu- 
tions of tobacco ring spot virus, and that these changes take place 
at a greatly reduced rate at 2.6° or in 0.01 mM phosphate buffer. 

Effect of Freezing—It has already been indicated that the 
freezing and drying of aqueous solutions of ring spot virus result 
in complete inactivation. However, it seemed desirable to de- 
termine the effect on activity when solutions of the virus contain- 
ing different extraneous materials are merely frozen overnight at 
—10° and then thawed slowly. In an experiment in which a 
preparation of virus containing an appreciable amount of green- 
colored pigment was used, the freezing treatment resulted in 23, 
43, and 65 per cent reductions in the numbers of lesions given by 
solutions containing 10~* gm. of virus per ce. in 0.1 M phosphate 
buffer plus 30 per cent nutrient broth, in 0.1 mM phosphate buffer, 
and in distilled water, respectively. In another similar experiment 
in which a preparation containing no pigment was used, the solu- 
tion containing broth and 0.1 m buffer gave 67 per cent as many 
lesions as did the unfrozen control, the solution containing only 
0.1 m buffer gave but 27 per cent as many lesions as did the un- 
frozen control, and the solution of virus in distilled water was 
completely inactive after the freezing treatment. In order to 
determine the effect of freezing on more concentrated solutions, 
a preparation containing 2.5 mg. of virus per ce. in distilled water 
was frozen overnight and then thawed. The precipitate which 
formed was removed by low speed centrifugation and found to be 
inactive and to consist of 72 per cent of the material. The re- 
maining 28 per cent of the material, while still soluble, was never- 
theless found to possess no virus activity. These results demon- 
strate that, although the freezing of solutions of ring spot virus in 
distilled water results in the denaturation and inactivation of the 
virus, a protective action is exerted by extraneous materials such 
as nutrient broth, plant pigments, or even small amounts of elec- 
trolytes, hence the amount of the inactivation is much less when 
the freezing treatment is carried out in the presence of such mate- 
rials. The loss of activity of concentrated solutions of ring spot 
virus held just above the freezing point is not very great, for a 
preparation held at 4° for 7 months was found to give an average 


$2 
i 
£ 
a 
t 
~ 
4 
t 
¥ 
= 
j 
j 
| 
"Cis 


W. M. Stanley 419 


of 41.8 lesions per leaf following dilution to 10-4 gm. per ce., 
whereas a freshly prepared sample of virus, tested on the paired 
leaves of the same plants, gave an average of 52.9 lesions per leaf. 
However, it seems likely that, whenever it becomes necessary to 
store ring spot virus for a period of several months, it may be 
preferable to add nutrient broth and store in the frozen state. 

Effect of Ammonium Sulfate—It has been stated that difficulties 
due to activation of virus were encountered during early pre- 
liminary attempts to purify tobacco ring spot virus by means of 
precipitation with ammonium sulfate according to the chemical 


TABLE V 


Effect on Tobacco Ring Spot Virus of Standing in Ammonium Sulfate 
Solutions 


The numbers represent the average number of lesions per leaf obtained 
on inoculation of twenty or more paired leaves of cow-pea (Vigna sinensis, 
var. Black Kye) with the designated preparation. 


js | Time of standing at 4° before dilution* and inoculation 
2 mg. virus per ce. in following | 


solvent 


<O1hr. | | 3days- 
| 19.2 | 10.5 | 3.6 
Water 23.8 13.0 | 10.7 
6.9 3.6 0.5 


* Preparations containing ammonium sulfate were diluted 1:40 with 
0.01 m phosphate buffer at pH 7. Controls were similarly diluted except 
with buffer containing the appropriate small amounts of ammonium sulfate. 


method used for the purification of tobacco mosaic virus. Since 
Loring (14) had demonstrated that treatment of latent mosaic 
Virus with ammonium sulfate caused a marked reduction in ac- 
tivity, it seemed likely that the loss in activity in the case of ring 
spot virus was due to the effeet of ammonium sulfate. After the 
isolation of ring spot virus by ultracentrifugation, it appeared 
desirable to determine the effect of ammonium sulfate. Solutions 
containing 2 mg. of ring spot virus per ee. in 10 and 30 per cent 
ammonium sulfate were prepared and allowed to stand at 4° 
for the periods of time indicated in Table V. Portions of the solu- 
tions were then diluted with 39 parts of 0.01 mM phosphate buffer 
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at pH 7 and tested for virus activity by means of the leaf pair 
method against controls containing the same amount of virus in 
buffer and the same small amounts of ammonium sulfate. It may 
be seen from the results presented in Table V that solution in 10 
per cent ammonium sulfate immediately caused a 20 per cent 
reduction in the number of lesions and that after 3 days| the prepa- 
ration which had been in contact with 10 per cent ammonium 
sulfate gave only about 34 per cent as many lesions as the control. 
Precipitation of the virus with 30 per cent ammonium sulfate 
followed by immediate dilution yielded a turbid solution which on 
inoculation gave only about 50 per cent as many lesions as were 
given by the untreated control. Standing in contact with 30 per 
cent ammonium sulfate for 3 days resulted in almost complete 
inactivation of the virus. The loss of activity on precipitation 
with ammonium sulfate was found to be accompanied by a 25 
to 50 per cent reduction in the phosphorus content of the virus 
preparation. This is indicative of a decrease in the nucleic acid 
content; hence this virus is somewhat similar to the sperm nucleo- 
proteins in that the nucleic acid dissociates in salt solutions. 
Since a single precipitation of tobacco ring spot virus with am- 
monium sulfate, even when carried out at 4°, resulted in a marked 
loss of activity, it is obvious why the earher attempts to purify 
this virus by chemical means resulted in failure. This is a striking 
demonstration of the necessity of having available a mild purifica- 
tion procedure, such as the method of differential centrifugation, 
for work with such unstable viruses. 

Effect of Electrolytes on Virus Activity The number of lesions 
produced on inoculation of a given concentration of tobacco mosaic 
virus varies widely depending upon the nature and. concentration 
of electrolyte present in the moculum (44, 45). The maximum 
number of lesions is obtained with 0.1 mM phosphate buffer as 
solvent, and the use of higher or lower concentrations of this 
buffer, or the use of other buffers, even though at the same con- 
centration and pH, results in a decrease in the number of lesions. 
Because of the rather unusual results obtained with tobacco mosaic 
virus, it seemed desirable to make similar studies with tobacco 
ring spot virus. A preparation of tobacco ring spot virus in water 
was used to make up solutions at pH 7 containing 10-4 gm. of 
virus per ec. in water, 0.001 mM, 0.01 mM, and 0.1 M sodium phosphate, 
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0.01 mM sodium chloride, and 0.01 mM sodium citrate. A few solu- 
tions containing 10~° gm. of virus per ec. were also prepared. The 
activity of these solutions was immediately determined by the 
leaf pair method with twenty or more pairs of leaves of cow-pea. 
It may be seen from the results, which are presented in Table VI, 
that, although solutions of virus in 0.1 Mm phosphate buffer gave 
over 2 times as many lesions as aqueous solutions containing the 
same amount of virus, the solutions of virus in 0.01 mM phosphate 
buffer gave about 2 times the number of lesions obtained with 0.1 


TABLE VI 
Effect of Electrolytes on Activity of Tobacco Ring Spot Virus 


The numbers represent the average number of lesions per leaf obtained 
on inoculation of twenty or more paired leaves of cow-pea (Vigna sinensis, 
var. Black Eye) with the designated preparation at pH 7. 


10°5 gm. virus 


Solvent 10-4 gm. virus per ce. per ce. 
0.1 phosphate 53.2 34.6 4.2 
0.01 ‘‘ sodium chloride......... 20.5 | 1.8 
9.1 
“ | 3.8 


M phosphate buffer as solvent and over 4 times the number of 
lesions obtained with 0.001 m phosphate buffer as solvent. Fur- 
thermore, the solutions of virus in 0.01 mM phosphate buffer gave 
about 5 times the number of lesions obtained with the same amount 
of virus at the same pH in 0.01 m sodium chloride, and over 2 
times the number of lesions obtained with virus in 0.01 mM sodium 
citrate. It seemed possible that the difference in the optimum 
concentration of phosphate buffer might be due to the fact that 
the activity tests with tobacco mosaic virus were conducted with 
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Nicotiana glutinosa plants and those with ring spot virus with 
cow-pea plants. Since young plants of the necrotic type of 
Turkish tobacco developed by Holmes (32) respond to the inocula- 
tion of both of these viruses with local lesions, it was possible to 
test the activity of both viruses on the same host. This was done 
and it was found that on the same host the optimum concentration 
of phosphate remained 0.1 m for tobacco mosaic virus and 0.01 
M for tobacco ring spot virus. These results indicate that the 
nature and concentration of electrolyte have direct although 
different effects on these two viruses. 

PH Stability Range— Following several preliminary experiments 
during which the general pH stability range of ring spot virus was 
studied, two separate experiments were made in which the stabil- 
ity of virus to hydrogen ion concentrations between pH 3 and 
10.5 for different periods of time was determined. The experi- 
ments were conducted in a room held at about 4° and all solutions 
were cooled to 4° before use. In the first experiment a solution 
containing 10-4 gm. of ring spot virus per ec. in distilled water was 
used. A composite buffer similar to that used by Best and Samuel 
(46) and containing equivalent amounts of borie acid, potassium 
dihydrogen phosphate, and potassium hydrogen phthalate was 
made up and portions were adjusted to the hydrogen ion conecen- 
trations given in the first column of Table VII by the addition 
of 0.2N HClor0.2N NaOH. To ten different 2 ce. portions of the 
aqueous solution of virus were added 8 cc. portions of 0.05 mM 
composite buffer at the ten different hydrogen ion concentrations. 
This served to adjust the virus solutions to the different hydrogen 
ion concentrations given in Table VII. Immediately after ad- 
justment and following the time periods given in Table VII, 2 ee. 
portions of each of the preparations were adjusted to pH 7 + 
0.2 by the addition of 2 ce. portions of 0.15 mM phosphate buffer 
at pH 7. These solutions were then tested for virus activity by 
inoculation to cow-pea leaves. It may be seen from the results 
given under Experiment 1 in Table VII that standing for about 
1 hour at pH 3.0, 3.5, 10.0, and 10.5 caused almost complete in- 
activation of the virus. The virus appears to be stable only 
between pH 6 and 9. 

Experiment 2 was conducted in a manner similar to that used 
for Experiment 1, except that 1 ce. portions of an aqueous solu- 
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tion containing 2 *K 10°4 gm. of virus per cc. were added to 9 ce. 
portions of the composite buffer at the different hydrogen ion 
concentrations. After different periods of time, equal amounts 
of 0.15 Mm phosphate buffer at pH 7 were added, except in one test 
in which 0.15 mM phosphate buffer at the different hydrogen ion 
concentrations was added in order to determine the effeet of pH 
of the inoculum on the activity. It may be seen from the results 


TABLE VII 
Effect on Activity of Tobacco Ring Spot Virus of Standing at Various 
Hydrogen lon Concentrations for Different Periods of Time at 4° 
The numbers represent the average number of lesions per leaf obtained 
on inoculation of ten or more leaves of cow-pea (Vigna sinensis, var. 
Black Eye) with the designated preparation. 


PH at Experiment 1 Experiment 2 

which 

se tl Days of standing at various hydrogen ion concentrations 

3.0 | 3.4/1.2 | 0.0 | 0.0 |15.1 | 0.0 | 0.2 | 0.0 | 0.0. 

8.5 12.4, 4.5) 0.2 0.1 14.2) 0.5 11.5 0.1) | 0.1 | 0.0 | 

4.0 | 9.3 12.2 | 2.2 | 3.9 |12.8 | 1.3 (15.6 | 2.5 | | 3.9 | 1.2 | 

4.7 22.4 20.8 | 9.4 | 3.0 13.8 | 0.8 (24.7 | 6.2 15.2 | 3.0 | 1.7 11.9 
6.0 27.8 35.5 | 3.2! 9.4 21.3 13.1 27.8 18.2 22.2 | 9.4 10.3 15.2 
8.0 27.6 13.3 | 5.4) 8.9 12.9 11.3 26.4 18.3 14.5 | 8.9 13.6 13.1 
9.0 43.0 22.8 | 7.8 10.2 15.9 18.9 21.2 | 8.3 24.4 10.2 | 8.2 17.1 
9.5 |47.0 (21.2 | 1.8 | 3.1 [14.7 |27.7 [21.4 | 3.2 | | 3.1 0.8 

10.0 35.6 | 5.1 | 0.2 | 0.1 |11.2 (26.6 | 4.7 | 0.1 0.1, 0.0 

10.5 26.2 0.5/0.2 0.0 2.7 0.0 0.0 


* In this test the solutions were not readjusted but were inoculated at 
the different hydrogen ion concentrations given in the first column. 

t+ The numbers in these two columns represent the average number of 
lesions per leaf obtained on inoculation of ten or more paired leaves of 
cow-pea with the control solution which had been kept at pH 7. 


presented under Experiment 2 in Table VII that a solution of virus 
inoculated at pH 3 gave no lesions, whereas after immediate ad- 
justment to pH 7 an average of 15.1 lesions per leaf resulted. 
Similarly, solutions inoculated at pH 3.5, 4.0, 4.7, and 10.5 gave 
fewer lesions than when readjusted and inoculated at pH 7. It 
is interesting to note that virus inoculated at pH 9.5 and 10.0 
gave more lesions than after readjustment and inoculation at 
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pH 7. The inactivation of virus at acid and alkaline reactions is 
about the same as indicated by Experiment 1. After 5 days the 
virus was completely inactivated at pH 3.0, 3.5, 10.0, and 10.5, 
and almost completely inactivated at pH 4.0, 4.7, and 9.5. In 
order to secure some idea of the relative amount of virus remaining, 
two tests were made in which some of the preparations were tested 
by the leaf pair method against a control solution of virus that 
had been held at pH 7 for the same periods of time. It may be 
seen that the solution held at pH 4.7 for 5 days gave only about 
14 per cent as many lesions as the control, whereas solutions held 
at pH 6.0, 8.0, and 9.0 gave 68, 104, and 48 per cent, respectively, 
as many lesions as the control. The results demonstrate that 
ring spot virus is stable only between pH 6 and 9. At more acid 
or alkaline reactions the virus activity is lost quite rapidly, and 
this is accompanied by denaturation and disintegration of the 
nucleoprotein. It may be noted that ring spot virus is not stable 
at its isoelectric point and is less stable than tobaceo mosaic and 
latent mosaic viruses to acid solutions, but more stable than to- 
bacco mosaic virus and less stable than latent mosaic virus to alka- 
line solutions (14, 46, 47). It should be emphasized that these 
three viruses have quite definite and characteristic pH stability 
ranges and that mixtures of the three may be separated by ap- 
propriate treatment. For example, after adjustment of a mixture 
of the three viruses to pH 2, only the tobacco mosaic virus may be 
recovered. The other two viruses are denatured by such treat- 


ment and after readjustment to pH 7 may be separated from the 


active tobacco mosaic virus by centrifugation. 

Ultrafiltration The conditions used for the ultrafiltration ex- 
periments with tobacco ring spot virus were essentially the same 
as those described by Thornberry (48) and used by Loring (14) 
in work with the latent mosaic virus. A preparation consisting 
of 0.2 ce. of a solution containing 3.3 mg. of ring spot virus per cc., 
6.6 ce. of nutrient broth, 25.7 cc. of 0.01 mM phosphate buffer, and 
0.5 ec. of 0.2 N sodium hydroxide was made up and centrifuged for 
15 minutes at about 3000 r.p.m. Then a 10 ee. portion of the 
supernatant liquid, which was at pH 8.3, was subjected to ultra- 
filtration in a filter through which had first been passed 2 ec. of 
distilled water followed by 2 ec. of nutrient broth. The first 2 ec. 
of the virus solution were discarded and the next 5 ee. were col- 
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lected and saved for activity tests. In the first experiment, col- 
lodion membranes! having average pore diameters of 193 and 43 
mu, respectively, were used and the filtrates were tested for virus 
activity against unfiltered controls by means of the leaf pair 
method on fifteen or more leaves of cow-pea. The filtrate from 
the 198 mux membrane gave an average of 4.8 lesions per leaf or 
61 per cent of the number given by the control on the paired leaves 
of the same plants, and the filtrate from the 43 mu membrane gave 
an average of 1.5 lesions per leaf or 22 per cent of the number given 
by the control. In a subsequent experiment, the filtrate from a 
membrane having an average pore size of 43 my gave an average 
of 12.6 lesions per leaf or 49 per cent of the number given by the 
control. At the same time and under the same conditions, a 
sample of unpurified virus in the form of a 1:5 dilution of infectious 
juice was filtered through a similar membrane and the filtrate gave 
an average of 0.8 lesion per leaf or 73 per cent of the number 
given by the unfiltered juice preparation. Thornberry (48), 
working with untreated infectious juice, found the virus to pass 
a membrane having an average pore diameter of 45 my, but to 
be retained by a membrane having an average pore diameter of 
39 mu. In the present work, filtrates from membranes having an 
average pore diameter of 32 my gave no lesions. The results 
demonstrate not only that the filtrability of the purified virus is 
comparable to that of unpurified virus but also that the virus 
readily passes a membrane having an average pore size of 43 my 
but not one having an average pore size of 32 my and must, there- 
fore, have a diameter somewhat smaller than 21 my but larger 
than 16 mu. 

Molecular Weight Preliminary estimates of the molecular 
weight and diameter of ring spot virus of 7,400,000 and 26 mu, 
respectively, were made on the assumption of a density of 1.3 and 
a dissymmetry constant of 1.3 (49). However, these estimates 
must be revised, for the experimentally determined density of ring 
spot virus is not 1.3, but 1.57, and because of the viscosity data 
and the finding that solutions of the virus do not show double 
refraction of flow, it seems probable that ring spot virus consists 
of essentially spherical particles. With a value of 1.57 for the 

' It is a pleasure to express appreciation to Dr. J. H. Bauer for some of 
the membranes used in these experiments. 
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density, 115 &K 10° for the sedimentation constant, and Sved- 
berg’s (50) equation relating the molecular weight of spherical 
particles to the sedimentation constant, the calculated molecular 
weight of tobacco ring spot virus is 3,400,000. The diameter of a 
spherical particle having a molecular weight of 3,400,000 and a 
density of 1.57 is 19 mu, a value in agreement with the diameter of 
tobacco ring spot virus estimated from ultrafiltration data. These 
results indicate that tobacco ring spot virus is the smallest of the 
viruses which have been isolated and studied. 


SUMMARY 


A nucleoprotein of high molecular weight possessing the proper- 
ties of tobacco ring spot virus has been isolated by means of differ- 
ential centrifugation from diseased tobacco plants. The virus is 
denatured and inactivated on being heated to 64°, on treatment 
with nitrous acid or with 36 per cent urea in 0.01 mM phosphate at 
pH 7, on standing at room temperature in aqueous solution, or 
when subjected to hydrogen ion concentrations more alkaline 
than pH 9 or more acid than about pH 6. The virus is denatured 
and inactivated when frozen in solutions containing no extraneous 
materials, but is protected to varying degrees when frozen in the 
presence of electrolytes, plant pigments, or nutrient broth. One 
precipitation of ring spot virus with 30 per cent ammonium sulfate 
at 4° causes a large amount of inactivation. Although solutions 
of the virus in 0.01 mM phosphate buffer are fairly stable, there is a 
marked increase in viscosity and a fairly rapid loss of activity in 
aqueous solution. Solutions of ring spot virus containing 0.01 
M phosphate buffer cause many more lesions on inoculation than 
do solutions containing more concentrated or more dilute phos- 
phate buffer or other electrolytes. The optimum conditions for 
storing and for testing tobacco ring spot virus, namely in 0.01 
mM phosphate buffer at pH 7 and 4°, and in 0.01 mM phosphate buffer, 
respectively, are quite different from those for tobaeco mosaic 
virus. These results demonstrate the importance of making a 
careful study of the optimum conditions for storing and testing 
each virus under investigation. 

Tobacco ring spot virus has a sedimentation constant of 115 
x 10°, an isoelectric point of pH 4.7, a specific gravity of 1.57, 
yields isotropic pellets on ultracentrifugation, and exhibits no 
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double refraction of flow. The molecular weight and diameter 
based on some of these constants and on ultrafiltration data are 
3,400,000 and 19 mug, respectively. Tobacco ring spot virus is the 
smallest of the viruses which have been isolated and appears to be 
essentially spherical in shape. It is quite unstable in comparison 
with tobacco mosaic virus and has not been obtained in crystalline 
form, although no alterations in the properties as a result of puri- 
fication have been noted. Tobacco ring spot virus contains about 
40 per cent of nucleic acid, which gives negative tests for desoxy 
sugar and a positive test for pentose. The nucleic acid content 
is about 8 times that of tobacco mosaic virus and approaches that 
of the sperm nucleoproteins. The virus gives a specific precipitin 
reaction with its antiserum. 
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ISOLATION OF VIRUS FROM PLANTS RECOVERED 
FROM THE TOBACCO RING SPOT DISEASE 


By W. M. STANLEY 


(From the Department of Animal and Plant Pathology of The Rockefeller 
Institute for Medical Research, Princeton) 


(Reeeived for publication, May 12, 1939) 


Tobacco ring spot virus is of especial interest because certain 
species of plants infected with it show the phenomenon which is 
generally referred to as ‘recovery’ (1, 2). The inoculation of 
young Turkish tobacco plants with tobacco ring spot virus is 
followed in 3 or 4 days by the appearance of necrotic lesions on the 
Inoculated leaves (hig. 1), and in 6 or more days by the appear- 
anee of marked systemic lesions similar to those shown in kig. 2. 
As the plant grows and the disease progresses, the new leaves which 
the plant produces show less and less severe symptoms (Figs. 3 
and 4) until after about 2 weeks the new leaves which are formed 
appear quite normal (hig. 5) in comparison with healthy leaves 
(hig. 6). The plant is then considered to have recovered, for the 
leaves produced thereafter look healthy and cuttings grow into 
normal appearing plants. However, it has proved impossible to 
reinfect such normal appearing leaves or plants by inoculation with 
ring spot virus, and they are not in fact healthy, for they contain 
a small amount of ring spot virus which, when transferred to 
healthy plants, causes the typical ring spot disease (1, 2). Price 
(2, 4) considers the recovered plants to have acquired an immunity 
to the ring spot disease and has pointed out that this immunity 
appears to differ from that which usually occurs in man or animals 
following an attack of a virus disease in that the ring spot virus 
persists in the recovered plants. However, persistence of virus 
in recovered hosts has been reported in the cases of infectious 
anemia of horses (5), salivary gland disease of guinea pigs (6), 
choriomeningitis (7), and occasionally in cases of foot-and-mouth 
disease (8S) and hog cholera (9); henee, it is possible that there may 
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1 
} 
Fic. 1. Inoeulated leaf from a plant diseased with tobacco ring spot é 
virus. Although the primary lesions were visible about 4 days after mocu- 
lation, the leaf was not removed from the plant until 28 days after 
( 


inoculation. 
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be a relationship between immunity and persistence of virus, 
either in readily demonstrable or in undemonstrable amounts. 
The tendency towards recovery is also noticeable in the cases of 
other plant virus diseases (10), but the degree of the recovery is 
usually much less than in the case of the tobacco ring spot disease. 
Since the earlier papers on the isolation of ring spot virus (11, 12) 
referred only to plants bearing necrotic lesions and not to recovered 
plants, and especially because of the interest attached to the re- 
covery phenomenon, it seemed desirable to determine the nature 
of the virus in plants which have recovered from the ring spot 
disease. The present paper includes a description of the isolation 
of tobacco ring spot virus from recovered tobacco plants and a 
comparison of the yields and properties of the virus with those of 
virus isolated from leaves bearing necrotic lesions. 


EXPERIMENTAL 


Isolation of Virus from Recovered Leaves——A group of young 
Turkish tobacco plants was inoculated with tobacco ring spot 
virus as previously deseribed (12). 2 weeks after inoculation, the 
new leaves put out by the plants appeared normal. The plants 
were allowed to grow for an additional 2 weeks, at the end of which 
time the upper halves or two-thirds of the plants appeared normal. 
The inoculated leaves and the leaves showing the typical necrotic 
response, similar to those shown in Figs. 1, 2, and 3, were removed 
and separated from the upper normal appearing or recovered por- 
tions of the plants, similar to the leaf shown in Fig. 5. The tips 
of leaves similar to that shown in Fig. 4 were removed and the 
leaves were added to the recovered portion. The 992 gm. of 
leaves showing necrotic lesions and the 1488 gm. of recovered 


Fic. 2. Leaf produced about 6 to 12 days after inoculation and showing 
lesions due to the systemic spread of virus. 

Fic. 3. Leaf produced about 12 to 16 days after inoculation and showing 
the beginning of the recovery from the ring spot disease. 

Fic. 4. Leaf produced about 15 to 20 days after inoculation and showing 
the final stages of the recovery phenomenon. 

Fic. 5. Normal appearing leaf from a plant recovered from the ring spot 
disease. 

Fic. 6. Leaf from a normal tobacco plant. 

All leaves illustrated are from plants of Turkish tobacco of the strain 
described by Holmes (3). Photographs by J. A. Carlile. 
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leaves were frozen and subsequently processed separately, accord- 
ing to the method previously described (12). 

The virus activity, total nitrogen, and protein nitrogen contents 
of the filtered juices from the two portions were compared, and 
the results are given in Table I. It may be seen that, although 
the juice from the leaves showing necrotic lesions contained con- 
siderably less total nitrogen and protein nitrogen than the juice 
from the recovered portions, the virus activity of the former when 
tested by means of the leaf pair method (12), was found to be of 
the order of 10 times greater than that of the latter. The results, 
which indicate that recovery of the plants from the disease is 


TABLE I 


Virus Activity and Nitrogen Contents of Juices from Recovered Leaves and 
from Leaves Bearing Many Necrotic Lesions Taken from Ring 
Spot-Diseased Turkish Tobacco Plants 


The numbers represent the average number of lesions per leaf obtained 
on inoculation of twenty or more paired leaves of cow-pea (Vigna sinensis, 
var. Black Eye) with the designated preparation and dilution. All solu- 
tions tested were at pH 7 and contained 0.1 m phosphate buffer. 


' Dilution of filtered infectious juices | 
| | 


1:10 1:100 1:1000 


Total Protein 


| | : | mg. per mg. per 
ce, 


02 | 00 | 1.47 | 
91 18 | 0.0 | | 0.38 


Recovered leaves...........) 2.2) 1 | 


accompanied by a markedly lower virus concentration in the re- 
covered portions, confirm the previous work of Price (4). It was 
of considerable interest, therefore, to determine whether the virus 
in recovered leaves differed in amount or in activity. The yield 
of virus was 3.1 mg. from the recovered leaves and 12.5 mg. from 
the leaves showing necrotic lesions. These yields correspond to 
about 1 part of virus in 80,000 parts of leaves showing necrosis, 
and only about 1 part per 500,000 in the case of the recovered 
leaves. Similar results have been obtained with the necrotic 
strain of Turkish tobacco (3) following recovery from the ring 
spot disease. 
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Properties of Virus Isolated from Recovered and from Necrotic 
Leaves—The results just presented demonstrate that the virus 
concentration in leaves showing necrosis is about 6 times that in 
recovered leaves and confirm Price’s earlier estimation that the 
juice from leaves showing necrosis is between 5 and 10 times more 
active than the juice from recovered plants. Since the difference 
in activity appears to be due to the presence of different amounts 
of virus, it follows that there should be no difference in the activity 
of solutions containing equal amounts of material from the two 


TABLE II 
Comparison of Activity of Virus Isolated from Leaves Showing Necrotic 
Lesions and from Recovered Leaves of Ring Spot-Diseased 
Turkish Tobacco Plants 


The numbers represent the average number of lesions per leaf obtained 
on inoculation of paired leaves of cow-pea (Vigna sinensis, var. Black 
Eye) with the designated preparation and concentration. All solutions 
tested were at pH 7 and contained 0.1 m phosphate buffer. 

Concentration (gm. protein per cc.) 

Tobacco ring spot virus isolated from 


10-4 | 10° | 
Necrotic 82.2 47 .4 | 5.1 


* To show a significant difference between the mean number of lesions 
the ratio of the mean difference (mM.p.) to the standard error of the mean 
difference (s.e.) should not be less than 2.1. 


sources. The activity of the preparation from recovered leaves 
was compared with that of the preparation isolated from necrotic 
leaves by means of the leaf pair method, and, as may be seen from 
the results which are presented in Table I], no significant differ- 
ence was found. The fact that the activity of the virus isolated 
from the two sources was found to be the same may be regarded 
as an indication that the virus is the same, for the biological activ- 
ity is a very specific property. However, it appeared desirable to 
compare other properties of virus from recovered and from necrotic 
leaves. 
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The isoelectric points of tobacco ring spot virus isolated from 
necrotic and from recovered leaves were determined by means of 
the Northrop-Kunitz cataphoresis apparatus with suspensions of 
eollodion particles coated with virus in 0.1] mM buffer containing 
equimolar amounts of sodium borate, potassium phosphate, and 
sodium phthalate. The hydrogen ion concentration of the sus- 
pensions was determined by means of a glass electrode of the 
MacInnes type. The isoelectric point of virus from the two 
sources was found to be the same and to be pH 4.7. The sedi- 
mentation constants of virus isolated from recovered and from 
necrotic leaves were kindly determined by Dr. Ralph W. G. 
Wyckoff. No difference was found, for in each instance the 
sedimentation constant was 115 K 10°" em. sec. dyne™!. Each 
preparation gave a fairly sharp sedimenting boundary character- 
istic of a single molecular species, although the boundary of the 
preparation from recovered leaves was less sharp than that of the 
preparation from necrotic leaves. No difference in other properties 
of the preparations from the two sources was noted. It may be 
concluded, therefore, that the virus occurring in systemically 
diseased leaves bearing many necrotic lesions is the same as the 
virus occurring in recovered normal appearing leaves, although 
the concentration of virus in the latter is only about one-sixth that 
in leaves bearing many necrotic lesions. 

Recovery in the case of the tobacco ring spot disease appears to 
consist, therefore, of a mechanism by means of which the level of 
concentration reached by the virus is gradually lowered to about 
one-sixth of the former level with the disappearance of readily 
visible symptoms of the disease. However, the virus appears to 
permeate the entire recovered plant and the disease retains its 
systemic nature, whereas in the cases of recovery in animal virus 
diseases, with but few exceptions, the viruses are localized in 
certain tissues or organs. Since the virus persists in an unchanged 
condition in recovered plants, even though greatly reduced in 
concentration, it is obvious that it is impossible to secure an effect 
by inoculation of more of the same virus. Price (4) considers 
that recovery results because the ring spot virus is able to reach 
its Maximum concentration in only those cells that are nearly ma- 
ture at the time of invasion and that a lower concentration which 
does not cause severe injury is reached in embryonic cells and these 
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cells then maintain this equilibrium value with the virus as the 
plant continues to grow. This hypothesis is quite in harmony 
with known facts, but it does not provide an explanation for the 
failure of the virus to reach as high a concentration in embryonic 
cells as it reaches in mature cells. The fact that the virus is un- 
changed in recovered plants indicates that the adjustment which 
results in recovery is one of the host rather than of the virus. 
Furthermore, the fact that ring spot virus possesses the highest 
nucleic acid content of all viruses so far examined and the fact 
that viruses appear to be produced in or near cell nuclei may 
prove of special significance in the search for an explanation of the 
recovery phenomenon. However, it seems likely that the eluci- 
dation of the reeovery phenomenon will not be achieved until 
more is known about the manner in which viruses multiply within 
cells. 


SUMMARY 


Normal appearing recovered leaves of Turkish tobacco plants 
diseased with tobacco ring spot virus were found to contain about 
1 part of virus in 500,000 parts of fresh green leaf material, whereas 
leaves bearing many necrotic lesions and from the same plants 
were found to contain | part of virus in 80,000 parts of fresh green 
leaf material. No difference in the activity, sedimentation con- 
stant, isoelectric point, or general properties of virus from the 
two sources was found; hence, the virus in recovered plants appears 
to be the same as that in systemically diseased leaves bearing 
necrotic lesions. Recovery results from an adjustment on the 
part of the host and appears to consist of some mechanism by 
means of which the level of concentration reached by the virus is 
gradually lowered to about one-sixth of the former level, with the 
disappearance of readily visible symptoms of the disease. Im- 
munity apparently results from the continued persistence of a low 
concentration of unaltered virus in plants recovered from the ring 
spot disease. 
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VITAMIN C SYNTHESIS AND EXCRETION BY THE RAT* 


By R. R. MUSULIN, R. H. TULLY, 3rp, HERBERT FE. 
LONGENECKER, ann C. G. KING 
(From the Department of Chemistry, University of Pittsburgh, Pittsburgh) 


(Received for publication, April 25, 1939) 


A capacity for synthesizing vitamin C is apparently common to 
all the higher plants and to all the animals that have been studied 
except guinea pigs, man, and the other Primates. If the silver 
nitrate staining technique as used by Bourne, Giroud, LeBlond, 
and associates, gives a true qualitative indication of the presence 
of ascorbic acid in cells, even the simpler types of organisms such 
as bacteria and yeasts also have a capacity for synthesizing the 
vitamin. Inno case, however, has it been possible to demonstrate 
clearly the nature of the substance or substances from which the 
vitamin is formed. The structural similarity between ascorbic 
acid and other sugar acids points toward a carbohydrate precursor 
for the vitamin, but there is still no clear cut or verified evidence 
that such a relationship exists. 

Ray (1) reported that sprouting seeds produced additional as- 
corbic acid when glucose, fructose, and mannose were added to a 
gelatin medium during germination. There was no_ specific, 
sharp gradation in the effects of different sugars, but the highest 
yields of ascorbic acid were obtained with mannose. Guha and 
Ghosh (2) reported that rat liver, spleen, brain, muscle, and kidney 
tissue formed ascorbic acid from mannose, in vitro, and that in- 
travenous injection of mannose caused a rise in the ascorbie acid 
content of rat liver. Three other hexoses and two pentoses did 
not produce comparable effects. A similar claim was made for 
vitamin C synthesis by germinating seeds of Phaseolus mungus 


* This investigation was made possible by a research grant from the 
Buhl Foundation. 

Contribution No. 381 from the Department of Chemistry, University 
of Pittsburgh. 


437 


27 
% 
= 
* 
j & 
x 
& 
“4 
4 
“4 
+ 
3 
a 
i £4 
} as 
| 
x 
~ 
ay 


438 Vitamin © Synthesis and Exeretion 


and by monkey and guinea pig embryonic tissue. Banerjee re- 
ported an increased synthesis of the vitamin from mannose clini- 
eally (3). It is probable, however, that the embryonie and clinical] 
tissues studied have no significant capacity for synthesizing as- 
eorbie acid from natural food materials. The investigations of 
von Euler, Gartz, and Malmberg (4), Ammon and Grave (5), 
Kleiner and Tauber (6), Scheunert and Schieblich (7), Hawthorne 
and Harrison (8), and Fomin (9) do not support the claims for a 
precursor role by mannose. 

Mosonyi (10) reported a rise in the reducing value of rat adrenals 
after feeding 3-hydroxyacetonylacetone, but there has been no 
confirming evidence to support his suggestion that the substance 
could serve as a precursor of vitamin C. 

Two recent papers appear to be of major significance in relation 
to the synthesis and réle of ascorbie acid in plants. Directly or 
indirectly, a precursor réle by glucose is compatible with the data 
in both papers. Bonner and Bonner (11) observed a growth- 
stimulating effect of ascorbic acid on pea embryos, and also noted 
the dependence of the growing tissue on the food reserve of the 
seed for vitamin synthesis. Reid (12) observed an increased rate 
of ascorbic acid synthesis by plant embryos under the influence of 
exposure to light or a supply of glucose or both. 

The suggestion that manganous sulfate at very low concentra- 
tions could induce a more rapid synthesis of ascorbic acid by ger- 
minating seeds of Cicer arietinum, has not been extensively studied 
(13). 

A sharp rise (from 26 to 40 mg. per gm.) in the ascorbic acid 
content of the intestinal wall of rats during 48 hours inanition, 
without a significant change in liver content, was observed by 
Hopkins, Slater, and Milliken (14). The only marked changes in 
vitamin C concentration that resulted from extreme variations 
in the diet of rats were due to the carbohydrate variations. When 
the animals were fed carbohydrate alone, the liver value rose from 
26 (normal) to 32 mg. per gm., within a few days, and when no 
carbohydrate was fed the value for the intestine rose from 26 to 
36 with fat alone, and to 39 with fat plus protein. Zilva’s data 
and interpretations did not agree with those of Hopkins and asso- 
ciates (15). 

Mentzer and Urbain (16), however, did not observe a markedly 
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decreased vitamin C content in the livers or intestines of rats that 
had been subjected to extreme periods of inanition. They ob- 
served urinary excretions as low as 0.03 mg. per day, and suggested 
that the precursor of ascorbic acid was probably of endogenous 
origin and independent of carbohydrate intake. Miller believed 
that the eye lens could synthesize ascorbic acid from hexoses (17). 
Although Scheunert and Schieblich did not report tissue 
analyses for their experimental animals, they demonstrated that 
after being on typical vitamin assay diets for long periods, 5 gm. 
of rat liver protected guinea pigs from scurvy, even when the rats 
were severely depleted of their tissue reserves of vitamins A, B 
complex, and D. Neither did extreme ranges in carbohydrate and 
fat content of the diets affect the apparent protective level of the 
liver tissue. Both Svirbely (18) and Melka (19) observed a 
moderate decrease in the vitamin C content of rat livers and in- 
testinal walls when the vitamin B (particularly vitamin B,) intake 
was low. ‘The adrenals, however, were not markedly affected by a 
vitamin B deficiency, nor was there a significant change when the 
carbohydrate and protein content of the diet was varied over an 
extreme range (18). Randoin, Giroud, and LeBlond (20) did 
not find a significant variation in the vitamin C content of rat 
tissues when the vitamin A intake of the animals was varied. 
The present investigation was undertaken primarily for the 
purpose of studying the influence of variations in food intake on 
the vitamin C excretion of rats. It was thought that such data 
might provide valuable leads concerning both the origin and fune- 
tional réle of ascorbic acid in rat tissues, particularly when cor- 
related with parallel studies of changes in blood and tissue con- 
centrations. The changes in excretion level are of much greater 
magnitude than those shown by tissue analysis alone, and they 
afford an opportunity for continuous study in the same animals. 


EXPERIMENTAL 


Albino rats were kept in individual cages of the type generally 
used for vitamin assay work. In general, animals more than 150 
gm. in weight were more satisfactory than younger ones. Glass 
funnels with zine screens and collecting vessels were arranged be- 
low the cages to collect 24 hour samples. Loss of ascorbie acid 
in the excreted samples was essentially prevented by the presence 
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in the collecting vessels of sufficient 9 per cent metaphosphorie 
acid, saturated with 8-hydroxyquinoline, to maintain a final con- 
centration of approximately 3 per cent acid. The volume of 
urine excreted varied greatly with different diets, averaging about 
20 ml. per day on an evaporated milk diet and 10 ml. per day ona 
dry cereal or purified diet. 

Ascorbic acid was measured by direct titration with 2,6-dichloro- 
phenol indophenol, as described in earlier publications (21). In 
low excretion ranges there may be an appreciable interference by 
thiosulfates and compounds of the sulfhydryl type, but in the 
higher excretion ranges there is apparently little interference. 
The papers by Bessey (22) and Evelyn and Malloy (23) providing 
for the use of the dye with still greater freedom from interference 
appeared after the present work was completed. Check-up 
measurements with the photoelectric colorimeter show that the 
data reported here are essentially valid. Interference by non- 
vitamin substances in the lower excretion ranges would not affect 
our interpretation of the results. 

To avoid misinterpretation of the apparent vitamin C excretion 
levels that were indicated by indophenol titrations, animal assays 
with guinea pigs were made during periods when the rats were fed 
oats and when they received Purina Dog Chow. ‘The assay values 
were in good agreement with the titration data. There was no 
indication of the exeretion of appreciable quantities of dehydro- 
ascorbic acid. 

In preliminary experiments it was found that the excretion rate 
was fairly high when the rats were on a diet of Purina Dog Chow 
or the common Sherman diet for guinea pigs (rolled oats + wheat 
bran (1:1) 59, heated milk powder 30, butter fat 8, cod liver oil 2, 
and salt 1). When the animals were subjected to fasting but per- 
mitted free access to water for 3 to 4 days, the excretion rate 
dropped sharply from approximately 2.0 mg. per day to 0.2 mg. or 
less. After 6 days of inanition the excretion value was approxi- 
mately 0.04 mg. per day. The excretion level returned to the 
original value when the original diet was again supplied, but when 
the animals were given evaporated or condensed milk in sufficient 
quantity to restore their body weights, the vitamin excretion rate 
remained low (0.2 to 0.3 mg. per day). When inanition was fol- 
lowed by feeding bran, the excretion rate again remained low, 
but the feeding of oats alone, or oats with milk, caused a sharp 


r 

te 

e 

te 

O 

P 

Ir 

| 

| R 

VW 

| A: 

| As 

| 

th 

be 

| ds 


Musulin, Tully, Longenecker, and King 441 


rise in the excretion rate. Water extracts of the oats were then 
tested and were found to be negative, but 95 per cent alcohol 
extracts were positive, when fed as supplements to the milk diet. 
The ether-soluble portion of the alcohol extract was then found 
to contain practically all of the active material from the original 
oats. Saponification of the oat oil was followed by finding that 


TABLE | 
Effects of Diet upon Vitamin C Excretion in Rats (Mg. per 24 Hours) 


Test diet No. of 


| 3rd day 6th day 
Dog Chow... 10 1.40 | 2.00 
Inanition, after C how diet saeca 10 0.35 | 0.04 
Milk, 30 ml., evaporated (after 4 days i inani- | 
Same without 0.49 | 0.36 
Rolled oats, alone... | 2.20 
Unsaponifiable matter from ont ai, 60. mg.. 4 | 0.26 2.30 
Wheat germ oil, 2 gm... & | 0.30 
Ascorbic acid, 25 mg. | 2.80 
TABLE II 
Biological Assay on Guinea Pigs of Excreted Vitamin C (Oat Diet) 
| _ Average A | | A 
No of | | 
dave de-| day teat | Weight | (0-26) 
Ascorbic acid fed, 0.5 mg. per eke ee oo 
Urine,* equivalent to 0.6 mg. 9 | 309 | 362 | 53 | 3.9 
per day of ascorbie acid | | | 
Negative controls, basal diet, 3 | 288 = 176 | —112 | 15.0 
only | | | | | 


the active material was in the unsaponifiable fraction and could 
be vacuum-distilled readily. A summary of the more significant 
data obtained in the first series of tests is given in Table I. 

The results of a biological assay to check the identity of the 
product excreted and titrated are given in Table IT. 

The failure of whole milk and whole wheat to cause a high ex- 
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cretion of the vitamin appeared to eliminate the need of testing the 
known major ingredients of these two products. A general tech- 
nique of testing various products was then adopted, in which a 3 
to 4 day inanition period was followed by a standard diet of 30 
ml. of evaporated (or condensed) milk per day. For the larger 
animals, 35 ml. of evaporated milk provided a better feeding level 
for weight maintenance. The product to be tested was added to 
the milk diet after 3 to 6 days, and the test period was continued 
during 6 days. Individual animals showed considerable variation 
in their excretion rates, which depended in part on their previous 
diet. Animals that respond abnormally can be eliminated generally 
during the 3 to 6 day period before starting the assay, or by check- 
ing their response to known active materials. The common di- 
and monosaccharides, inositol, mannose, sorbose, l-arabinose, d- 
xylose, d-glucuronic acid, d-galacturonic acid, and citric acid all 
gave negative results at feeding levels of 1 gm. or more per day. 

It is evident that the common fatty acids and sterols do not 
cause a high excretion, because essentially negative results were 
obtained with cholesterol, ergosterol, wheat germ oil, cod liver 
oil, butter fat, cottonseed oil, linseed oil, sesame oil, olive oil, and 
peanut oil. In general, excretion rates below 0.5 mg. per day on 
the milk diet were considered as negative, and those above 1.0 
as positive. Halibut liver oil and the vacuum distillate from 
saponified or unsaponified halibut liver oil were active in producing 
a high vitamin C excretion. The unsaponifiable fraction from 
the body fat of rats was also active. Parallel studies were carried 
out with the ether extract, the unsaponifiable fraction, and the 
vacuum distillate from the unsaponifiable fraction from lawn grass 
and from alfalfa leaf meal. In each case the active material was 
found in the low boiling fraction and in some of the higher boiling 
fractions from the unsaponifiable matter (24). 

In view of the clinical report by Hawley and associates (25), 
that acid-base balance could exert a marked effect upon vitamin C 
excretion, it was of interest to note that feeding ammonium chlo- 
ride or sodium bicarbonate in dosages as high as 50 and 300 mg. 
per day, respectively, did not cause an appreciable change in the 
excretion levels of rats. The pH values of the urines at the end 
of the tests were 6.3 and 8.3 respectively. 
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Later papers will deal with the identification and structural 
relationships of a number of pure substances that cause high vita- 
min © excretion in rats, together with detailed records of tissue 
analyses and comparative studies with different animals. 

The varied chemical nature of the lipid materials in foodstuffs 
that cause a high vitamin C excretion argues against their being 
precursors of ascorbic acid, but the technique of studying excretion 
levels should be of value in several respects. Feeding the lipid 
materials can Cause many times more vitamin C to be excreted per 
day than would normally be present in the rat’s entire body, 
thus providing an opportunity of studying the various factors that 
are requisite for accelerated vitamin synthesis. Additional in- 
formation concerning the réle of the vitamin zn vivo should also 
become available from studies of the accelerated excretion. The 
changes that are induced take place rapidly and continuously 
without involving the loss of experimental animals except in cases 
where supplementary tissue analyses are desired. 


SUMMARY 


1. The urinary exeretion of vitamin C by albino rats on a diet 
of Dog Chow (Purina) or Sherman’s guinea pig ration is largely 
due to the presence of volatile lipid constituents in the unsaponi- 
fiable fraction. 

2. Inanition causes a decrease in the excretion rate from ap- 
proximately 2.0 to 0.20 mg. per day within 3 to 4 days, and to 
0.05 mg. per day within 5 to 6 days. 

3. A 3 day period of inanition followed by a diet of evaporated 
milk generally results in an excretion rate of approximately 0.2 
to 0.3 mg. per day, thus providing a good basis for assaying the 
excretion-stimulating capacity of other materials. 

4. The common fatty acids, sterols, proteins, and sugars do not 
cause a high vitamin C excretion when the animals receive a milk 
diet. Vaecuum-distillable fractions from the unsaponifiable mat- 
ter of halibut liver oil, oat oil, grass leaf oil, and alfalfa leaf oil 
cause high excretions. | 

5. The identity of the excretion product that was measured by 
titration with 2,6-dichlorophenol indophenol was verified by 
guinea pig assays for vitamin ©. 
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AN ACCELERATION OF VITAMIN C SYNTHESIS AND 
EXCRETION BY FEEDING KNOWN ORGANIC 
COMPOUNDS TO RATS* 


By HERBERT E. LONGENECKER, R. R. MUSULIN, 
R. H. TULLY, 3rp, ann C. G. KING 


(From the Department of Chemistry, University of Pittsburgh, Pittsburgh) 
(Received for publication, May 29, 1939) 


In preceding communications (1) it was shown that rats re- 
ceiving different vitamin C-free rations excreted the vitamin in 
amounts that varied over a wide range. The major cause of the 
variations was traced to the ether-soluble, non-fatty acid constit- 
uents of the diets. Feeding the ether extract of oats, for example, 
or the corresponding unsaponifiable matter, caused rats on an 
evaporated milk diet to increase their excretion of the vitamin by 
10 to 20 times. 


EXPERIMENTAL 


{arly in the work consideration was given to the possibility that 
the increased rate of synthesis and excretion might be due to a 
conversion of the substance fed, in the sense of supplying an ex- 
cess of a precursor. It was found, however, that the activity 
resided in unsaponifiable fractions from alfalfa, lawn grass, oat, 
and fish liver oils, boiling at different temperatures ranging from 
70°, 12 mm., to 220°, 1 mm., indicating that a number of different 
substances were involved. The reported accumulation of 2- 
hexenal in plants during photosynthesis (2) suggested its possible 


* This investigation was made possible by a research grant from the 
Buhl Foundation. 

Contribution No. 382 from the Department of Chemistry, University of 
Pittsburgh. Preliminary reports, including some of the data recorded in 
the present papers, were given at the meeting of the American Society of 
Biological Chemists at Toronto, April 28, 1939, and the meeting of the 
American Association for the Advancement of Science at Baltimore, 
December 29, 1938. 
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relation to ascorbic acid synthesis, but feeding tests showed the 
pure substance and a number of related compounds to be negative 
or only slightly active. 

A generous supply of unsaponifiable matter from dried alfalfa! 
made it possible to separate the major active ingredient. The 
lipid material was subjected to fractional distillation under reduced 
pressure in a fractionating column 1.5 em. in diameter, packed 
for 60 em. with glass helices and equipped for partial distillate 
collection under equilibrium conditions (3). The most active 
fraction was collected at 90°, 12 mm., as a constant boiling distil- 
late showing no change on refractionation. The addition of 50 
mg. of this material per day to a basal diet of evaporated milk 
raised the urinary excretion of vitamin C from 0.3 mg. per day to 
values in the range of 10 to 15 mg. When 10 mg. of the most 
active fraction were fed as a supplement, the average vitamin C 
excretion reached a level of about 5 mg. per day after 3 days. 

The active compound that was isolated by distillation absorbed 
bromine readily and restored the color to Schiff’s reagent, but did 
not reduce ammoniacal silver nitrate. The presence of a single 
earbonyl group was indicated by the formation of a monosemi- 
carbazone, m.p. 193-194° and an oxime, m.p. 97°. A more de- 
tailed description of the substance will be reported elsewhere. 

Pure compounds of the terpene and sesquiterpene types afforded 
an opportunity to investigate the effects of substances of known 
constitution that resembled the materials found in natural lipids. 
Accordingly, such pure compounds as d- and l-carvone, dl-piperi- 
tone, a- and B-ionone, camphor, thujone, pulegone, and isophorone 


were fed. In each case, a 10- to 100-fold increase in the daily — 


output of ascorbic acid was observed, as indicated in Tables I 
and II. The semicarbazones of the active cyclic ketones, used 
to purify and to verify the identity of the ketones that were fed, 
exerted very little effect. 

Two of the compounds, d-carvone and isophorone, were com- 
pletely hydrogenated in absolute alcohol (Adams’ catalyst) and 
again tested. The reduced products (saturated alcohols) were 


‘We are indebted to Dr. EF. W. Toepfer of The American Chlorophyll 
Company, Inc., Alexandria, Virginia, and to Dr. Oliver Kamm of Parke, 
Davis and Company, Detroit, for providing samples of lipid material from 
alfalfa meal. 
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TABLE [ 


Excretion of Vitamin C by Rats Following Ingestion of Aliphatic Ketones, 
Alcohols, Aldehydes, and Mixed Compounds 


Substance fed 


Aliphatic ketones 


Acetone | 
Diethy! ketone* 
Dipropyl * 


Diisobutyl ketone* 
Mesityl oxide* 
Phorone*. 

Aliphatic alcohols 
Hexyl aleohol*. 

Lauryl aleohol 

Phytolt 

Geraniol 
Diethylearbinol*. 
Methyl-n-propylearbinol*. 
Methylhsopropylearbinol*. 
Farnesolft 

Nerolidolt.. 

Aliphatic aldehydes 
2-Hexenal* 
2,4-Hexadienal* 

Citral 

Mixed compounds 

«-lonone. 


8-lonone 
Dimethylacetylearbinol* 
Acetylsalicylie acid. . 
Levulinic acid 

Ethyl acetoacetate. 
kithylacetone pyruvate. 


dicarboxylate. 


The authors are indebted to the following individuals who 


Quantity 
fed per 
day 


100 
100 
100 


Average daily excretion 


Ist to 4th 
day 


mg. 


~ 


Om oN 


0.5 
0.3 
0.3 
0.4 


Maximum 
average 


4th to8th excretion 


ay 


mg. 


w 


2.3 
0.9 
0.4 
0.8 
0.5 


0.9 
0.6 


kindly sup- 


plied the compounds indicated: * Mr. R. G. Ruark, Organic Synthesis Fel- 
t Dr. E. W. Toepfer, The American Chloro- 


lowship, The Mellon Institute. 


phyll Company, Inc. t Professor M. T. Bogert, Columbia University. 


| 
| 
| 
| 
| 100 0.4 0.5 
100 1.3 2.8 
100 2: 5.0 5.3 
| LOO | 08 
| 50) 0 0.7 0.8 
| 50 0) 0.2 
50 0.4 0.5 
| () 1 4 1 
| 50 0.9 7 
| 50) 0 0.5 0.6 a 
| 50 0. 0.4 0.4 
| 0.4 0.4 
| 40) 1.6 2.1 
20 0.7 0.9 
20) 0.2 0.5 0.7 
100 0.6 1.5 
20 0.3 0.5 0.5 
100 0.3 | 2 
100 3.5 2.6 3.8 
50 2.0 2.5 
LOO 4.9 5.4 
| 50 1.6 4 
| 100 1.4 2.2 3.0 
100 1.7 2.7 a 
1.0 
0.4 
| 
| 
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approximately as active as the onginal unsaturated ketones. 
Menthol, isoborneol, cineole, and nerolidol were then found to 
cause an increased excretion of ascorbic acid, but the rise was not 
so marked as when the unsaturated ketones were fed. 


TaBLe I] 
Excretion of Vitamin C by Rats Following Ingestion of Cyclic Ketones and 
Alcohols 
Quantity Average daily excretion 
Substance fed | fed per average 
day Istto4th 4thtoSth  exeretion 
day day 
mg. | mg. mg. mg. 
Cyclic ketones | 
l-Carvone 100 4.4 6.2 8.0 
lsophorone*.. 100 5.4 8.1 10.8 | 
100 4.2 6.2 8.1 
20) 2.5 3.6 4.1 
Thujone.... | 7 : 20 1.4 3.8 4.9 
Pulegone..... 100 1.5 1.7 2.0 
Camphor......... 20) 1.9 2.2 2.6 
Cyclohexanone..... | 100 0.9 1.5 
Cyclopentanone 100 0.8 1.2 1.5 
Acetophenone... 50 0.8 1.0 
Dihydroandrosteronet 20) 0.2 0.3 0.3 | 
Cholestenonet...... 20) 0.3 0.4 
Kojic acid ........ 25 0.3 U.4 0.4 
Quinone...__ 20) 0.5 0.5 0.7 
Cyclic alcohols 
20 0.6 1.0 1.5 
Isoborneol _. aes 20) 0.7 1.6 1.8 
2.3 


The authors are indebted to the following individuals who kindly sup- 
plied the compounds indicated: * Mr. 'R. G. Ruark, The Mellon Institute. 
t+ Dr. E. G. Ford, Princeton University. 


The molecular structures of the active compounds did not en- 
courage a direct ‘‘precursor”’ interpretation of the observed effect, 
but there remained the possibility that the animal could use a : 
6-carbon chain from the compounds for the specifie purpose of | 
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ascorbic acid synthesis. Several C; compounds were therefore 
examined with the idea that a positive response from feeding them 
would essentially remove further consideration of the precursor 
hypothesis. A consistent though not large positive response was 
obtained with ecyclopentanone, diethylearbinol, and dimethyl- 
acetylearbinol, as indicated in Table I. 

The elimination from the animal body of cyclic aleohols and 
ketones, or their oxidation products, has been studied frequently 
in relation to detoxication mechanisms involving glucuronic acid, 
glycine, and sulfates. Glucuronie acid conjugation with terpene- 
like compounds is partienlarly common (4). However, glucuronic 
acid does not reduce the dye (2,6-dichlorophenol indophenol) 
used for the urine titrations nor does it protect guinea pigs from 
scurvy. Increased elimination of thiosulfate would affect the 
titrations but would not provide antiscorbutie activity. The 
urines from animals receiving d-carvone and isophorone were as- 
sayed for vitamin C, and in each case there was good agreement 
between the chemical and biological methods for determining the 
amount of vitamin C present. When the titration equivalent of 
0.5 mg. of ascorbic acid per day was fed, and the assay technique 
described previously (1) used, the weight gains during a 21 day 
period were +51 and +92 gm., and the scurvy scores were 2.5 
and 2, respectively, for the urine assays from animals receiving 
d-carvone and isophorone. 

In view of the fact that an ether extraction of urine was utilized 
satisfactorily by Quick (4) for the isolation of glucuronic acid 
conjugates, several samples of acidified urine from rats receiving 
d-carvone were extracted with ether, but there was no evidence 
for the existence of an ether-soluble conjugate with ascorbic acid. 
The extracted urine (either acidified or neutral) contained prac- 
tically the same amount of ascorbic acid as the original urine; 
the ether extract contained no substance capable of reducing the 
dye, before or after mild hydrolysis; and the ether extract did not 
produce a rise in the urinary excretion of ascorbic acid when fed 
to rats, indicating that the ketones had not been excreted either 
unchanged or as easily dissociated conjugates with ascorbic acid. 

The results obtained during studies with a wide variety of com- 
pounds are given in Tables I and II. The substances fed were 
mixed with | ml. of cottonseed oil and fed daily with 30 to 35 ml. 
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of evaporated milk. The level of ascorbic acid excretion when the 
animals were fed the cottonseed oil and evaporated milk alone was 
0.2 to 0.3 mg. per day. An example of the continued high level 
of excretion of ascorbic acid in response to the daily ingestion of 
d-carvone during a 1 month period is given in Table III. The 
rates of increase and decrease in the excretion level coincident 
with feeding or omitting 50 mg. of carvone are given in Fig. 1. 
The curve represents average daily values for 115 animals during 
the carvone feeding period and forty animals during the post- 


TABLE III 


Continued Excretion of Vitamin C by Rats Following Daily Ingestion of 
d-Carvone During 1 Month 


Each animal received 100 mg. of d-carvone in 0.5 ml. of cottonseed oil 
and 35 ml. of evaporated milk daily. The number of days is shown in 


parentheses. 


Animal No. Daily excretion of vitamin C (mg. per 24 hrs.) 

3.10 6.57 | 9.40 14.80 11.00 18.32 
(9) (10) (111) (12) 

ee 19.20 16.12 9.68 6.20 , 4.46 8.00 
8.50 17.32 8.40 | 8.43 | 5.90 6.15 
(13) | (18) (19) (20) 

_ ene 4.82 5.30 4.05 | 3.70 | 4.72 | 2.94 
(22) (23) (24) | (27) | (28) | 

Be... : 9.72 10.39 5.538 | 14.85 | 14.36 | 19.15 
5.23 | 3.56 | 11.65 | 8.25 | 9.10 


feeding or return period. Individual animals were found to vary 
widely in their response to the compounds fed, and there was con- 
siderable individual variation from day to day, as shown in Table 
III, but group averages gave consistent data. 

The effect of feeding pure ascorbic acid in aqueous solution is 
illustrated in Table IV. The first five groups represent separate 
experiments in each case, after the animals had been on a milk 
diet long enough for their excretion levels to reach 0.2 to 0.3 mg. 
per day. The 25, 50, and 100 mg. feeding periods followed con- 
tinuously in the order given, without an intermediate depletion 
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period. 


It will be noticed that the proportionate excretion level 
dropped steadily as the intake level was raised. Five animals 
were used for each of the first four experiments, and nine were used 
for the last three experiments. 


‘ 
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2 4 b 10 42 
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Fic. 1. Average daily excretion of vitamin C. The dashed line repre- 
sents the excretion by forty rats on the basal ration (evaporated milk); 


the continuous line the excretion by 115 rats on the basal ration + 50 mg. 
of d-carvone daily. 


TaBLE IV 
Excretion of Ascorbic Acid When Fed in Aqueous Solution to Rats; Basal Diet, 
Evaporated Milk 


Ascorbic acid fed Average exeretion Maximum excretion 
aily per day 
Ist to 4th day 5th to 8th day | 
mg mg. : 
] 0.6 0.7 1.0 
3 0.5 1.5 
5 1.0 1.9 2.3 
10 1.3 a | 2.5 
25 | 2.2 3.7 | 4.7 
50) 5.8 | 5.8 | 6.7 
100 | 7.0 | 6.4 | 7.4 
DISCUSSION 


The physiological significance of an increased rate of synthesis 
and excretion of ascorbic acid as a direct result of feeding the 
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known constituents of several volatile oils, and a number of 
chemically related substances, is not clear at the present time. 
It is evident, however, that a great many compounds of widely 
varying molecular constitution are capable of causing a markedly 
increased synthesis. The quantity of ascorbic acid excreted per 
day, at the higher levels of excretion, is obviously several times 
greater than the total amount normally present in the rat body. 

The multiplicity of active substances does not constitute definite 
evidence that they are incapable of serving as precursors of the 
vitamin, but it would seem more logical to postulate that the 
substances cause an increased synthesis of ascorbic acid from tissue 
metabolites. The activity of several compounds that are less 
than 6 carbon atoms in chain length also argues against a direct 
precursor réle for the substances fed. The possibility of con- 
trolling the rate of synthesis to a moderate degree should afford a 
valuables means of studying the biochemical functions of the 
vitamin, however, whether it is serving as a detoxifying agent or 
otherwise. In this connection it should be pointed out (a) that 
ascorbic acid in the urine would interfere with the common meth- 
ods used for the determination of glucuronides, through furfural 
color reactions, and (b) that detoxication of many organic com- 
pounds is accompanied by reduction to alcohols previous to (or 
parallel with) conjugation. 

It is interesting to note that one of the compounds found to be 
most effective in the rat, carvone, did not affect the requirement 
for vitamin C in the guinea pig, either positively or negatively, 
when fed at a level of 100 mg. per day during a standard assay 
period. Comparative studies with a number of different experi- 
mental animals, and with different basal diets, will be reported 


in a later paper. 
SUMMARY 


1. Isolation of the lipid type of substance in alfalfa meal that 
causes an increased rate of ascorbic acid synthesis and excretion 
by rats on a milk diet led to the feeding of a number of known, 
pure organic compounds to test their activity. 

2. Terpene-like cyclic ketones were particularly effective in 
stimulating ascorbic acid excretion. Carvone (both d- and [-), 
dl-piperitone, isophorone, a- and B-ionone, pulegone, thujone, 
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camphor, and nerolidol were among the more active cyclic com- 
pounds. Feeding 100 mg. of d-carvone per day led to average 
excretion values as high as 16.5 mg. per day, and individual values 
as high as 20 mg. 

3. Aliphatic compounds that were found to be relatively active 
were diisobutyl ketone, dipropyl ketone, and dimethylacetyl- 
‘arbinol. 

4. In view of the great variation in molecular structure of the 
effective compounds, and the moderate activity of a few com- 
pounds with chains of less than 6 carbon atoms, it is improbable that 
the substances served as direct precursors of ascorbic acid. The 
data point toward an interpretation based upon a stimulation of 
the synthesis of ascorbic acid from intermediate metabolites. 
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CHEMO-IMMUNOLOGICAL STUDIES ON THE SOLUBLE 
SPECIFIC SUBSTANCE OF PNEUMOCOCCUS 


IV. THE CAPSULAR POLYSACCHARIDE OF TYPE XIV PNEUMO- 
COCCUS AND ITS RELATIONSHIP TO THE BLOOD GROUP 
A SPECIFIC SUBSTANCE 


By WALTHER F. GOEBEL, PAUL B. BEESON, 
AND CHARLES L. HOAGLAND 


(From the Hospital of The Rockefeller Institute for 
Medical Research, New York) 


(Received for publication, May 20, 1939) 


It has recently been shown by Finland and Curnen (1) that the 
intravenous administration of Type XIV antipneumococcal 
horse serum is occasionally accompanied by severe clinical re- 
actions which in some instances result in hemoglobinuria and 
even death. These investigators attach particular significance 
to the fact that nearly all specimens of Type XIV antipneumo- 
eoccal horse serum examined by them agglutinated human 
erythrocytes, whereas sera of the other pneumococcal types 
failed to show this property save in occasional instances. Since 
the phenomenon of erythrocyte agglutination is peculiar to Type 
XIV antipneumococcal horse serum, it was thought that a chem- 
ical investigation of the capsular polysaccharide of Type XIV 
pneumococecus might reveal points of similanty with the blood 
group specific substances. At the same time it was hoped that 
an understanding of the mechanism whereby antipneumococcal 
horse serum of this particular type agglutinates human erythro- 
cytes could be gained. 

The capsular polysaccharide of Type XIV pneumocoecus has 
been isolated by fractional precipitation from autolysates of the 
microorganism (2). The substance is obtained as a nitrogenous 
polysaccharide which differs from other specifie bacterial poly- 
saccharides previously isolated in this laboratory in that it con- 
tains no uronic acids. In this respect the substance resembles the 
specific carbohydrate of Type IV pneumococcus described by 
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Heidelberger and Kendall (3). The Type XIV carbohydrate is 
non-diffusible, free from protein, and does not reduce Fehling’s 
solution until after acid hydrolysis. The material precipitates 
specifically in high dilutions in homologous antiserum. In certain 
of its properties this bacterial carbohydrate resembles the blood 
(group A_ specific substance obtained from commercial pepsin 
(4) and peptone (5). Both substances are constituted from acetyl 
glucosamine and galactose. Both materials show approximately 
the same analytical constants and the same precipitation reactions 
with heavy metal salts. However, the Group A specific substance 
contains, beside glucosamine, a nitrogenous component which 
gives a significant value when examined by the method of Van 
Slyke and Dillon (6) for the determination of amino acids.! 

The chemical similarities of these two specific substances are 
reflected in certain of their immunological properties. It has 
been found that the sera of horses immunized with Type XIV 
pheumococcus precipitate not only the homologous type specific 
polysaccharide, but the blood Group A specific substance as well. 
The chemical individuality of these two substances may be demon- 
strated by other immunological techniques. For example, it is 
known that minute quantities of the blood Group <A’ specific 
substance inhibit the lysis of sheep cells by Group A antiserum in 
the presence of complement, yet we have found that the Type 
XIV pneumococcus polysaccharide does not. Furthermore, in 
our present state of knowledge it is difficult to understand why 
Type XIV _ antipneumococcus horse serum agglutinates the 
erythrocytes of all human blood groups. It is possible that the 
specific substances of blood Groups B and © contain a molecular 
nucleus similar to one in the Type XIV pneumococcus poly- 
saccharide. Such a hypothesis, however, cannot be substantiated 
until we have more detailed knowledge of the chemical substances 
which determine the specificity of the erythrocytes of the various 
other blood groups. In the present communication we wish 
merely to point out that the specific polysaccharide of Type XIV 
pneumococcus bears a definite chemical relationship to the blood 
Group A specific substance and that this chemical relationship 
is reflected in certain of the immunological properties which these 


1 Personal communication from Dr. Landsteiner. The results are to 
be published later. 
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two substances exhibit. In this respect it may be recalled that 
similar immunological and chemical relationships exist among the 
polysaccharides of certain other microorganisms as well as among 
the earbohydrates of bacterial and plant origin (7). 

Preparation of the Specific Polysaccharide of Type XIV Pneumo- 
coccus-—The virulence of a strain of Type XIV pneumococcus 
was enhanced by successive passages through mice so that 0.1 
ec. of an 8 hour broth culture was invariably fatal. 50 liters of 
meat infusion broth, containing 0.1 per cent dextrose and 1.0 
per cent Witte’s peptone, were seeded with a culture of this or- 
ganism and after 6 hours the bacteria were collected under sterile 
conditions in a Sharples centrifuge. The organisms were sus- 
pended in 2 liters of 0.3 per cent saline and allowed to autolyze 
at 37° for 10 days. The bacterial detritus was then removed by 
centrifugation and the clear supernatant liquid concentrated 
in vacuo to 500 cc. When the solution was adjusted to pH 3.5 
to 3.8, a precipitate of protein formed and was removed by cen- 
trifugation. ‘The material was further deproteinized by treat- 
ment with chloroform and amyl alcohol (8). The specifie poly- 
saccharide was finally precipitated by the addition of 50 gm. of 
sodium acetate and 1.5 volumes of aleohol. At this stage the 
polysaccharide separated as a white flocculent precipitate which 
was recovered by centrifugation. On attempting to dissolve the 
precipitate in water complete solution could not be effected. 
The milky suspension was, therefore, dialyzed for several hours 
in cellophane membranes. The turbid solution became clear 
and was filtered through a Berkefeld candle. The polysaccharide 
was again precipitated by the addition of sodium acetate and 
alcohol as above. Complete solution of the precipitated carbo- 
hydrate could again be effected only by dialysis. At this juncture 
the solution of polysaccharide gave no test for protein; the mate- 
rial was therefore acidified with dilute HC! and dialyzed against 
running distilled water for several days. The specific poly- 
saccharide was finally isolated by pouring the aqueous solution into 
10 volumes of acetone. The organisms from 50 liters of bacterial 
culture yielded 0.5 gm. of polysaccharide which showed the foillow- 
ing properties, fa]?’ = +12.5°, N 2.7 per cent, P 0.7 per cent, 
acetyl 9.5 per cent. The substance reacted in dilutions of 1 
part in 4 million with Type XIV antipneumococcus rabbit serum, 
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Six preparations isolated as above showed practically constant 
analytical properties. 

Because of the low but constant phosphorus content, the 
above preparations were believed to be contaminated with the 
so called © or species specifie polysaccharide of the pneumococcus 
(9, 3). Serological tests confirmed this suspicion. Whether the 
species specific polysaccharide is in true chemical combination 
with the type specific carbohydrate, as claimed by Sevag (10), 
or whether it merely accompanies the latter as an impurity, can- 
not be answered with certainty at present. The C carbohydrate 
‘an be removed, however, without impairing the Type XIV 
polysaccharide by hydrolysis under mild conditions with dilute 
nitrous acid. 

0.9 gm. of the crude Type XIV polysaccharide, containing some 
10 per cent of the C polysaccharide, was dissolved in 50 ee. of 
water. 20 ce. of 0.5 N nitrous acid were added, and the mixture 
was allowed to stand for 20 minutes at 37°. At the end of this 
time the mixture failed to show by serological test the presence 
of any of the species specific, or C polysaccharide. The reaction 
mixture reduced Fehling’s solution, indicating that the C poly- 
saccharide had been hydrolyzed. From this mixture the Type 
XIV_ polysaccharide was isolated by precipitation with alcohol. 
S00 mg. were recovered. 

Properties of Type NIV Pneumococcus Polysaccharide—TVhe 
Type XIV pneumococcus specific polysaccharide is obtained as 
an ash-free amorphous powder which dissolves in water to give a 
clear solution of low viscosity. ‘The carbohydrate, when isolated 
by the above procedure, is free from protein. A 1 per cent solu- 
tion gives neither a biuret, minhydrin, nor a sulfosaheyliec acid 
test. The salts of heavy metals such as copper sulfate, uranium 
nitrate, neutral and basic lead acetates, or silver nitrate cause no 
precipitation. Barium hydroxide and tannie acid solution cause 
only partial precipitation. The carbohydrate gives no test for 
uronic acids or pentoses. Aqueous solutions of the ash-free 
polysaccharide are practically neutral. The substance contains 
neither sulfur, phosphorus, nor methoxyl. The polysaccharide 
contains 2.0 per cent nitrogen, none of which is in the free amino 
form. The polysaccharide does not reduce Fehling’s solution 
until hydrolyzed with dilute mineral acid. When a 0.2 per cent 


ra 


— 


| 


Croebel, Beeson, and Hoagland 459 


solution of the carbohydrate in 1.0 N HeSO, is hydrolyzed at 
100°, the liberation of reducing sugars proceeds rapidly. Within 
30 minutes 45 per cent of reducing sugars, ecaleulated as glucose 
and determined by the Shaffer-Hartmann (11) method, is liber- 
ated. At 60 minutes 67 per cent of reducing sugars is present and 
at 120 minutes 84 per cent, where the value remains constant. 
Quantitative determinations of glucosamine (12) on the hydrolysis 
product of several preparations showed 25 per cent of the amino 
sugar. 


TABLE | 
Properties of Specific Substances of Blood Group A 
and Pneumococcus Type XIV 


Re- 
(‘ar- Hy- Nitr pension Products of 
Substance* Asht laly dro- Acetyl 
gen hydrol- 
ysis 
cent per cent’ cont | cent | cent Per cent 
Type XIV poly- 0.56 +9.4 44.98 6.46 2.08 7.2 84.4 Glucosamine 
saccharide Galactose 
Preparation | Acetic acid 
Preparation 2 0.43 +6.5 1.91; 7.7 | 79 
és 3 1.57 +12.6 2.07 6.6 
Blood Group 1.86411.5 46.68 6.53 5.85 9.5 73 Glucosamine 
specific sub- Galactose 
stance (neo- Acetie acid 
peptone) Probably 


amino acidst 


* No phosphorus was found in any of the substances. 
t All values calculated on an ash-free basis. 
t See foot-note 1. 


Solutions of the speeifie polysaccharide of Type XIV pneumo- 
eoecus react in dilutions of | part in 4 million in homologous im- 
mune horse and rabbit sera. The properties of several prepara- 
tions of the purified polysaccharide are given in Table I. 

Identification of Products of Hydrolysis of Type XIV Poly- 
saccharide. Acetic Acid 0.5 gm. of polysaccharide was dissolved 
and boiled for 25 hours in 50 ec. of 1 N H»SO,. The acid was 
removed by the addition of barium hydroxide and the precipitated 
barium sulfate separated by centrifugation. After the precipitate 
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was washed several times, the filtrate and washings were concen- 
trated to dryness in vacuo. The distillate was collected by 
freezing at —80°. After thawing, the distillate was stirred with 
an excess of silver carbonate, filtered, and the solution concen- 
trated to 3 cc. in vacuo. At this juncture crystals of a silver salt 
appeared. Crystallization was hastened and rendered more 
complete by the careful addition of 5 ce. of ethyl aleohol. The 
silver salt was filtered, and 70 mg. were recovered. This material 
proved to be silver acetate, and was indistinguishable in char- 
acter and analysis from an authentic sample. 


Analysis —CH;COOAg. Calculated, Ag 64.64; found, Ag 64.40 


Glucosamine—The residue containing the products of acid 
hydrolysis was dissolved in 8 ec. of water. 1.2 gm. of sodium 
bicarbonate were added and then 0.6 ce. of carbobenzoxychloride 
in two portions at 30 minute intervals (12). The mixture was 
shaken for 1 hour, extracted with ether to remove excess reagent, 
and the clear watery solution kept at 0° for 48 hours. 120 mg. 
of crystalline carbobenzoxy glucosamine were filtered from the 
mother liquors. The product was recrystallized from 30 per 
cent methyl aleohol, giving 70 mg. of pure carbobenzoxy glu- 
cosamine. The product melted at 210° (uncorrected) and 
showed no depression of the melting point when mixed with an 
authentic sample of carbobenzoxy glucosamine prepared from 
pure glucosamine hydrochlonde. The derivative isolated from 
the hydrolysis products showed fa]?? = +66° mutarotating to 
(a]24 +79° in 24 hours. This is in agreement with the rotation 
observed by Chargaff (13) for pure carbobenzoxy glucosamine. 
From the above it is apparent that the aminohexose of the Type 
XIV _ polysaccharide is glucosamine. The fact that the parent 
polysaccharide contains a stable acetyl group and no free amino 
nitrogen indicates that one of the sugar units Is acetylglucosamine. 

Galactose. o-Tolylhydrazone—The filtrate after isolation of 
carbobenzoxy glucosamine was neutralized with 1 N H2SO, and 
evaporated to dryness in vacuo. ‘The residue was twice extracted 
with dry methanol and insoluble sodium sulfate filtered and dis- 
earded. ‘The clear, colorless filtrate was concentrated to dryness 
in vacuo and then dissolved in exactly 25 cc. of water. Quantita- 
tive determinations indicated the presence of 296 mg. of reducing 


‘ 


Goebel, Beeson, and Hoagland 461 


sugar calculated as glucose. The solution was divided into 3 
equal parts. The first portion was concentrated to 0.5 ee. and 
200 mg. of pure o-tolylhydrazine were added (14), and then 5 ce. 
of ethyl aleohol. The mixture was heated for 20 minutes at 75° 
and allowed to stand for 24 hours at 0°. 170 mg. of the o-tolyl- 
hydrazone of a saccharide were filtered from the solution. This 
material was recrystallized from aleohol and melted at 176° 
(uncorrected). When mixed with an authentic sample of the 
o-tolylhydrazone of galactose there was no depression of the 
melting point. 

Phenylosazone—The second portion of the aqueous hexose 
solution was treated with 200 mg. of freshly distilled phenyl- 
hydrazine and 400 mg. of glacial acetie acid. After standing at 
room temperature for 24 hours no crystalline material had sep- 
arated. ‘This indicates that the solution did not contain mannose, 
since the phenylhydrazone of the latter sugar would have sepa- 
rated. The pale yellow solution was heated for 1 hour at 100° 
and crystals of galactose phenylosazone were filtered after the 
solution had stood for 24 hours at 0°. This compound melted 
at 185-186°, the temperature of the bath being raised 1° every 
2seconds. After reerystallization, the melting point was 194-196° 
and when these crystals were mixed with pure galactose phenyl- 
osazone (m.p = 196-198°) there was no depression of the melting 
point ((14) p. 214). 

Oxidation with Nitric Acid— The third portion of the aqueous 
hexose solution yielded on oxidation with nitrie acid 20 mg. of 
a crystalline product which proved to be muciec acid. The fil- 
trate from this material could not be made to yield erystalline 
potassium acid saccharate, indicating that glucose is not among 
the products of hydrolysis of the specifie polysaccharide. 

Relationship of the Type XIV Specific Polysaccharide to the 
Blood Group A Specific Substance—The results of the foregoing 
experimental work indicate that the Type XIV pneumococcus 
polysaccharide is constituted from molecules of acetylglucosamine 
and galactose in the ratio of 1:3 respectively. The analytical 
constants for the Type XIV carbohydrate agree very well with 
the theoretical values. That the Type XIV polysaccharide bears 
a close chemical relationship to the blood Group A specific sub- 
stance was pointed out by us in a preliminary communication 
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(2). Both substances appear to be constituted from = acetyl- 
glucosamine and galactose. The specific rotation of both ear- 
bohydrates is essentially the same. The blood Group A’ sub- 
stance, however, appears to contain a nitrogenous constituent 
which is not present in the pneumococcus carbohydrate. Because 
of their close chemical resemblance it was thought that the two 
substances might have common immunological properties. 

It was subsequently found that the blood Group A’ specific 
substance precipitates in high dilutions in Type XIV antipneu- 
mococcus horse serum as can be seen in Table I]. This reaction 
is one involving the type specific polysaccharide antibody and 
the Group A substance. It was found that if the type specific 
antibody is removed from Type XIV serum by absorption with 


TABLE II 


Precipitation of the Blood Group A Specific Substance in Whole and Absorbed 
Type XIV Antipneumococcus Horse Serum 


Final dilution of blood Group A substance 
Type XIV antipneumococcus serum 


1: 20,000 1: 50,000 1 500,000 | 1,000,000 
Unabsorbed ++++ +++ ++ | + 
Absorbed with Type XIV poly- 0 0 0 | 0) 


saccharide 


homologous Type XIV polysaccharide, the absorbed serum fails 
to react with the blood group specific substance (Table II). 

In order to determine what proportion of the antibody in Type 
XIV antipneumococcus serum is precipitated by the blood Group 
A specific substance, a quantitative study of the precipitin re- 
action was made. Whole Type XIV = antipneumococcus horse 
serum and the same serum previously absorbed at O° with the 
blood Group A specific substance were investigated.? The amount 
of specifically precipitable nitrogen was determined by adding 
varying amounts of the Type XIV pneumococcus polysaccharide 
to a constant amount of serum at 0°. Details of the technique 


* The Type XIV antipneumococcus horse serum was supplied by the 
New York State Department of Health Laboratories. The authors are 
greatly indebted to Dr. Augustus Wadsworth and Dr. Harold W. Lyall 
for their generous cooperation. 
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are essentially the same as those described by Heidelberger, 
Sia, and Kendall (15). The results of this investigation are 
graphically represented in Fig. 1. In the particular sample of 
Type XIV antipneumococcus horse serum studied it is apparent 
that more than half of the total antibody reactive with the bac- 
terial polysaccharide is precipitable by the blood Group A specific 
substance. These results indicate furthermore that the chemical 
relationship between the Type XIV pneumococcus polysaccharide 
and the blood Group A specific substance is definitely paralleled 
by an immunological similarity between the two substances. 


Mg. 
08 
| 
0.4+— 
= 
II 
0.2+- I Type XIV antipneumococcus 
horse serum 
a II Type XIV antipneumococcus 
Z 01k horse serum previously ab- 
sorbed with blood group A 
specific substance 
| | i 


Mg. 001 0.02 0.03 0.04 0.05 0.06 0.07 0.08 
Type XIV polysaccharide 
Fig. 1. Specifically precipitable antibody nitrogen in Type XIV anti- 
pneumococcus horse serum before and after absorption with blood Group A 
specific substance. 


Much of the experimental work described in this communication 
was carried out with the technical assistance of Mr. Otto Wieland. 


SUMMARY 


1. The preparation and properties of the specifie polysaccharide 
of Type XIV pneumococcus are deseribed. 

2. The chemical and immunological relationship of the pneu- 
mococecus Type XIV polysaccharide to the blood Group A specific 
substance is discussed. 
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THE EFFECTS ON BLOOD LIPIDS OF SHORT EX- 
POSURE TO LOW ATMOSPHERIC PRESSURE 


By P. L. MacLACHLAN 


(From the Department of Biochemistry, School of Medicine, West Virginia 
University, Morgantown) 


(Received for publication, April 27, 1939) 


Prolonged exposure to reduced atmospheric pressure (Starup 
(1)) and repeated hemorrhage (Horiuchi (2), Bloor (3)) produced 
a marked lipemia in rabbits, presumably due to a deficiency of 
oxygen. Single massive hemorrhage in rabbits resulted in an early 
lowering of the plasma lipids, the initial values being restored in 
12 to 24 hours (Boyd and Stevenson (4)) and followed by a de- 
layed, marked lipemia (2). The object of the present study was 
to determine the early effects of reduced atmospheric pressure on 
the level of the blood lipids of different animals. 


Methods 


Cats, dogs, and rabbits, previously maintained on standard 
diets, were subjected to reduced atmospheric pressure in a steel 
respiratory chamber, described by Van Liere (5), for varying 
periods of time. On removal, blood samples of approximately 
15 ce. were immediately taken for comparison with control animals. 
The lipemic effect of hemorrhage in rabbits was avoided by taking 
the control and experimental samples from the same animals at 
an interval of 2 to 3 weeks. The lipid analyses were made by 
standard procedures (Bloor (6), Boyd (7)). 


DISCUSSION 


The blood lipids of six cats, previously fasted 24 hours and sub- 
jected to a reduced pressure of 254 mm. of Hg (equivalent to an 
oxygen tension of 7.03 per cent) for 3 hours, showed no significant 
differences from those of four controls. Average values for the 
different constituents of the blood plasma were: total lipid, 
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241 + 29 and 268 + 57 mg. per cent; phospholipid, 97 + 18 and 
110 + 37 mg. per cent; neutral fat, 44 + 11 and 39 + 16 mg. per 
cent; and cholesterol, 100+ 19 and 119 + 20 mg. per cent, 
respectively, for control and experimental animals. 

Cats were then fed 50 cc. of coffee cream (approximately 40 
per cent fat) and subjected 3 hours later (during the height of fat 
absorption) to a reduced pressure of 254 mm. of Hg for a period 
of 2 hours. The plasma lipid content showed a significant eleva- 
tion over that of the fasting animals, indicating that fat absorption 
was in progress. However, no appreciable differences were found 
between five control and five experimental animals. Average 
values for the various lipid constituents were, respectively: total 
lipid, 506 + 76 and 487 + 43 mg. per cent; phospholipid, 140 + 53 
and 150 + 44 mg. per cent; neutral fat, 302 + 19 and 259 + 42 
mg. per cent; and cholesterol, 63 + 20 and 76 + 14 mg. per cent. 

The blood lipids of dogs, previously fasted 24 hours and sub- 
jected to reduced atmospheric pressure of 303 mm. of Hg (equiv- 
alent to an oxygen tension of 8.35 per cent) for 13 hours, were 
characteristically higher than those of cats. However, again no 
significant differences were found between four control and three 
experimental animals, average values for the total plasma lipid 
content being 397 + 62 and 370 + 74 mg. per cent, respectively. 
The individual lipid constituents (phospholipid, neutral fat, and 
cholesterol) likewise showed no significant differences. 

Dogs were then fed 150 ec. of coffee cream and subjected 2 
hours later to a reduced pressure of 303 mm. of Hg for 13 hours. 
As with the fed cats there was a definite elevation of the plasma 
lipid content, with no significant differences between five control 
and five experimental animals. Average values for the total 
lipid content of the plasma were 651 + 124 and 642 + 118 mg. 
per cent, respectively. 

Analyses of whole blood of cats and dogs showed the fat content 
to be considerably higher than that of plasma alone, the difference 
being due to a higher lipid content in the corpuscles than the 
plasma. Since reduced pressure was also without effect on the 
lipid content of the whole blood, the results of the analyses have 
been omitted. 

It is a noticeable fact that reduced pressure did not alter the 
level of the blood plasma lipids, from normal, even during active 
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absorption of fat from the intestine. Since the concentration of 
lipids in the blood at any time is the net result of the exchange of 
lipids between the blood and tissues, these results may be inter- 
preted to mean that, either reduced pressure did not affect the 
rate of absorption of fat from the intestine, or, if it did, any 
difference in amount of fat absorbed was exactly compensated for 
by an altered exchange of lipids between the blood and the tissues. 
The first alternative seems more probable. 

In view of the marked lipemic effect of prolonged exposure to 
reduced atmospheric pressure, repeated hemorrhage, and single 
massive hemorrhage in the case of rabbits, it seemed worth while 
to investigate the effect of short exposure to low pressure on the 
plasma lipids of these animals. 

Since it has been observed that rabbits have a racial and indi- 
vidual constancy of fatty substances in the blood (Horiuchi (8)), 
it was considered advisable to use the same animals for control 
and experimental procedures. The changes, from normal, of the 
plasma lipids of rabbits subjected to a reduced atmospheric pres- 
sure of 354 mm. of Hg (equivalent to an oxygen tension of 9.78 
per cent) for 3 hour and 6 hour periods, are reported in Table I. 

It will be observed that although there was considerable indi- 
vidual variation among rabbits, there were no significant changes 
from normal in the plasma lipid constituents of rabbits subjected 
to reduced pressure for 6 hours. However, in rabbits subjected 
to reduced pressure for 3 hours there was a definite lowering of the 
total lipid content of the plasma, due mainly to a decrease in the 
neutral fat fraction. 

These findings could be accounted for by a movement of neutral 
fat from the blood plasma into the liver during the first 3 hours of 
low pressure, possibly due to stimuli arising from increased rate 
of respiration, and hence increased rate of lipid metabolism. ‘This 
is followed in the second 3 hours by a mobilization of depot fat, 
which en route replenishes the plasma neutral fat. 

There was some tendency towards a lowering of the phospholipid 
content of the plasma. ‘This is in agreement with the observation 
of Sundstroem and Bloor (9), that a characteristic feature of short 
exposure to low pressure was a decrease in the lipid phosphorus of 
the plasma, due presumably to an enrichment of the erythropoietic 
organs with lipid material. 
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The dog can normally eat and quickly dispose of large amounts 
of fat. Yet it is not possible to produce an unmistakable lipemia 
in it even by severe hemorrhage (3). The rabbit, on the other 
hand, normally is not a fat-eating animal. It cannot absorb fat 
readily, as shown by the fact that it is difficult to produce an 
alimentary lipemia (Bloor (10)). Yet marked lipemia is easily 


TABLE [ 


Changes in Lipid Content of Rabbit Plasma Following Short Exposure to 
Reduced Atmospheric Pressure of 354 Mm. of Hg (Equivalent to 
Oxygen Tension of 9.78 Per Cent), Expressed in Mg. Per Cent, 
and As Per Cent of Initial Value tefore Exposure 


Rabbit No. Total cholesterol Phospholipid Neutral fat Total lipid 


Exposure to reduced pressure for 3 hrs. 


mg. per mg. per 


per cent per cent per cent cent 

—10 -12, —M4 | —64 — 59 —88 | —33 

2 —3 —6 -9 —56 —44 —65 | -2 

5 +23 | +25, +13 | +17 | —132 —~&)5 —96 | —30 

4 +15 +17, -—30 |  —30 

| | | - | | | -72 

Average net +1 | -14 | -19| —72 | —68 | —86 | —35 
Exposure to reduced pressure for 6 hrs. 

7 +25 | +32 +10 | +15 —6 —6 +29) +12 

+5 +14. — 26 +6 +18 0 

+6 +10 ##-12 | -19; —38 —100 —44  -—27 

10 —4 —3 —16 | -—15 | 0 —21 —6 

1] | #21 +1 +2; +14 +23 +26 +15 

12 —10 _-18 | —19 — 51 — 22 

13 -—-17 —28 +2. +5 —18  —10 

Average net +4 +7 —§ —§ 


produced by single hemorrhage in a rabbit. This lipemia occurs 
by reason of the inability of the rabbit to utilize mobilized tissue 
fats in the blood (2). The difference in the response of rabbits to 
short periods of reduced pressure from that of dogs and cats is, 
therefore, probably related to their racially distinct dietary habits, 
and hence their different abilities to utilize fats. 
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SUMMARY 


The examination of the blood plasma lipids of cats, dogs, and 
rabbits subjected to short periods of reduced atmospherie pressure 
showed (a) no effect in the case of cats or dogs either in the fasting 
state, or during active absorption of fat from the intestine, and 
(b) a decrease in the plasma lipids of rabbits after 3 hours, the 
initial levels being reestablished at the end of 6 hours. 

The decrease in plasma lipid content of rabbit blood was due 
mainly to a decrease in the neutral fat content. 

The difference in the response of rabbits to short periods of 
reduced atmospheric pressure from that of cats and dogs may be 
related to their different abilities to utilize fats. 


The author wishes to express his appreciation to Dr. E. J. Van 
Liere of the Department of Physiology for his helpful cooperation. 
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ULTRAMICRODETERMINATION OF THIAMINE BY THE 
FERMENTATION METHOD* 


By LAWRENCE ATRIN, A. S. SCHULTZ, anp CHARLES N. FREY 


(From The Fleischmann Laboratories of Standard Brands, Inc., New York) 
(Received for publication, May 6, 1939) 


In 1937 it was reported that thiamine will, under appropriate 
conditions, cause a pronounced stimulation in the rate of alcoholic 
fermentation (1). A method was soon devised whereby this 
stimulation could be employed to estimate the thiamine content 
of various substances (2, 3). By that method, referred to as the 
“original’’ method, we are able to estimate thiamine in the 
amounts of 0.5 to 4.0 micrograms. The purpose of the present 
communication is to deseribe a method which permits the deter- 
mination of as little as 0.005 microgram (5 & 10°°% gm.) of thia- 
mine. The scope of investigations which may be conducted with 
the aid of the fermentation method is thus greatly increased. 
Many laboratories will undoubtedly find it more convenient to 
employ the Warburg apparatus than to construct a gas shaker 
(4) (such as is used in the original method), although the latter 
is more simple and requires less expert manipulation. _ 

In working with the ultramicrodetermination it has been found 
convenient to express thiamine quantities in terms of millimicro- 
grams. 1 millimicrogram <= 0.001 microgram or 10°% gm. 

Apparatus The conventional Warburg apparatus, except for 
a flask of special design (Fig. 1), is employed at 30°. These 
flasks have a volume of about 70 ml. and are 60 mm. in outside 
diameter (the maximum permitted by our instrument). The 
capillary gas valve shown in the diagram vents beneath the sur- 
face of the water and permits the observation of the escaping gas 
during the nitrogen passage. The reaction mixture, yeast, sugar, 
ete., is placed in the center cup (inset) which has a diameter of 


* This paper was presented at the meeting of the American Chemical 
Society at Baltimore, April 3-7, 1939. 
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25mm. In the main chamber we place 1 ml. of water to aid in 
temperature equilibration. Nitrogen at a constant, low pressure 
is obtained with the aid of a simple pressure regulator set at 20 
em. of water. 

Solutions——Sugar and salts solution. 1 liter contains 200 gm. 
of c.p. dextrose, 2.2 gm. of monopotassium phosphate, 1.7 gm. of 
calcium chloride (CaCl,-2H:O), 10 gm. of magnesium sulfate 
(MgSO,-7H.O), 0.067 gm. of nicotinic acid, 0.01 gm. of ferric 
chloride, and 0.01 gm. of manganese sulfate. 


MANIFOLD 


MANOME TER 


\ 


Fic. 1. Warburg flask showing arrangement used for flushing with 
nitrogen. 


Citrate-phosphate buffer. 1 liter contains 70 gm. of citric 
acid (H3;C.H;0;-H.O) and 119 gm. of dipotassium phosphate 

Ammonium sulfate solution. 1 liter contains 150 gm. of am- 
monium sulfate. 

Yeast suspension. 100 ml. contain 2.0 gm. of commercial 
bakers’ yeast (Fleischmann’s). 

Gelatin solution. 100 ml. contain | gm. 

Thiamine stock solution. 1 ml. contains 1 microgram of thia- 
mine (Merck’s synthetic, chloride hydrochloride). 

Thiamine standard solution. Place 1 ml. of the gelatin solution 
in a 100 ml. volumetric flask, add about 25 ml. of distilled water, 
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and shake well so that all the interior surface of the flask is wetted. 
Add 2 ml. of the thiamine stock solution (2 micrograms) and make 
to volume. ‘This solution is made up daily. All other solutions 
are sterilized in cotton-plugged Erlenmeyer flasks on successive 
days for 30 minutes in flowing steam. When a flask has been 
opened for use it is thereafter kept in a refrigerator. 


Procedure 


Prior to filling the flasks all ground joints are greased with anhy- 
drous lanolin, the capillary gas valves fixed in place (open), and 
the nitrogen train started. 1 ml. of distilled water is placed in the 
main chamber of each flask. To the inset is added 1 — zx ml. of 
distilled water followed by x ml. of the solution under test or the 
thiamine standard. When all is in readiness, the mixture called 
Solution A is prepared. Ina 100 ml. volumetric flask place 15 ml. 
of the sugar and salts solution, 10 ml. of the buffer, 7 ml. of the 
ammonium sulfate solution, and 25 ml. of the yeast suspension. 
A timer is started when the yeast is added. After making to 
volume with distilled water, 1 ml. of Solution A is added to the 
inset of each flask. The flasks are immediately fixed to the man- 
ometers, placed in the thermostat, and flushed with nitrogen. 10 
to 12 minutes have usually elapsed at this point. The flasks are 
shaken at 120 oscillations per minute at an amplitude of 3 cm. 
The passage of nitrogen is continued for 40 minutes. When the 
elapsed time is about 55 minutes, excess pressure is released and 
at exactly 60 minutes an initial or zero reading is taken. 1 hour 
later the final reading is made. Calculation gives the fermenta- 
tion rate per hour in ec.mm. 


Principle of Analysis 


The principle of the analysis demands that thiamine be the sole 
variable which may affect the rate of fermentation (with the ex- 
ception of poisons). This implies that the control (with no added 
thiamine) must represent the maximum rate of fermentation, un- 
der the stated physical conditions, for the particular yeast em- 
ployed. When such conditions are achieved, it will then be ob- 
served that thiamine causes a most pronounced increase in the 
rate of fermentation. 

5 mg. of bakers’ yeast produce (at 30°) about 400 ¢.mm. of gas 
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per hour under the specified conditions (see Fig. 2). The addi- 
tion of 80 millimicrograms of thiamine increases the rate to about 
950 ¢.mm. per hour. The difference, 550 ¢.mm., is the stimulation 
due to thiamine. ‘he relation between stimulation and quantity 
of thiamine is approximately linear up to 30 millimicrograms, at 
which point the stimulation is 380 ¢.mm. In the region between 
10 and 20 millimicrograms the response is completely linear (within 
the error of measurement). If yeast were not subject to the usual 
variability of living organisms, a standard curve might be em- 


GAS PER HOUR 


700 

680 

660 —— 

640-— 

620--—— 

10 20 30 40 50 60 70 80 io 12 4 16 18 
THIAMINE - MILLIGAMMAS THIAMINE- MILLIGAMMAS 

Fic. 2 Fic. 3 


Fig. 2. Curve of response to thiamine by 5 mg. of bakers’ yeast 
kia. 3. Precision of a single measurement and illustration of the method 
of interpolation. The line is arbitrarily drawn through two extreme 
points. 


ployed. In practice a portion of the curve is determined in each 
run. The gas production due to 10 and 20 millimicrograms is 
measured and aliquots of the unknown, containing intermediate 
quantities of thiamine, are estimated on the basis of a linear 
relationship. Examination of Table I will show how the method 
is applied. The data show that gas evolution can be duplicated 
with high precision and also that the assumption of linearity 1s 
justified. The range of 10 to 20 millimicrograms in which deter- 
minations are made is not as small as it might seem. The equiv- 
alent range (2 to 4 micrograms) has been used for several years In 
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Atkin, Schultz, and Frey 4AT5 
the original method with relatively few cases in which the range 
was missed. One serious handicap with the Warburg apparatus 
is the duplication of determinations. Thus with six manometers 
only one analysis may be made per run. However, when the 


TABLE | 
Thiamine Determination 


Kkach row represents one run made with six manometers; each determi- 
nation was carried out in duplicate. 


(jas produced 


A 
20—10 | Thi- 


Yeast Thi- 
No aie milli- | amine amine Error 
10 millimicro- 20 millimicro- micro-| found used 
grams grams “ grams | 
| milli- milli- 
c.mm. per kr. c.mm, per hr. c.mm, per hr. | micro- | micro- | per cent 
grams | grams 
1 | 60 +0 736.5 + 1.5 673 +2 131.5 15.17) 15.0 | 1.1 
2 618 +2 751.5 + 1.5, 727.5 + 5.5] 188 | 18.27] 18.0] 1.5 
2 615 +0 740 +0 639 + 4 125 | 11.921 12.0} 0.7 
3 ot + 4 697 +3 609 + 1 143 13.85) 14.0 | 1.1 
3 43.54 1.5 695.5 +0.5 637.5 + 2.5) 152 16.18} 16.0 | 1.1 
TABLE II 
Four Thiamine Estimations Made in a Single Run with Six Manometers 
Thiamine 
Thiamine 
Experi- Addition to control reactic Gas pro- | pesniineete 
ment No. mixture duced.  Ultra- | Original 
| | gas 
method method 
micro- micro- 
per orams per grams per 
l 0.5 mg. Rice Polish A 588 10.4 20.8 22.0 
2 0.02 *“ dry Yeast A 686 18.1 904 — 960 
3 B 624 13.2 66 68 
4 0.035 ml. milk, grade B 635 14.1 0.40 0.40 
5 10 millimicrograms  thi- 583 
amine 
20 millimicrograms thi- 710 
amine 


operator gains confidence in the reproducibility of his technique 
he may dispense with duplication. This will permit him to 
analyze four unknowns in one run, a practice which will be par- 
ticularly useful in research. Fig. 3 gives the data on a single run 
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in which four unknowns were analyzed. A straight line was ar- 
bitrarily drawn between the 10 millimicrogram value and the 20 
millimicrogram point. If this line is used to estimate the thiamine 
in the unknowns, a maximum deviation of only 3 per cent is 
found. 

Table II gives data on a series of analyses made without duplica- 
tion. ‘The samples, except the milk, were prepared for assay by 
being suspended in water, made acid to Congo red, and heated at 
100° for 30 minutes. After being cooled and made to volume they 
are pipetted directly into the Warburg flasks. The milk was 
simply heated in the Arnold steam sterilizer and then diluted with 
water. The results correspond to those obtained with the original 
fermentation method and hence bear the same relation to rat 
growth tests (2). The very small quantity of a substance required 
for test suggests many valuable applications of the ultramicro- 
method. We have, for instance, been able to estimate the thia- 
mine content of human blood in a 0.1 ml. sample. 


SUMMARY 


An ultramicromethod for the determination of thiamine (vita- 


min B,;) is deseribed. 
The method is based on the fermentation test of Schultz, Atkin, 


and Frey. 

The analysis is performed on a Warburg apparatus in an atmos- 
phere of nitrogen. 

It is possible to determine between 0.005 microgram and 0.025 
microgram of thiamine by this method with an error no greater 
than +5 per cent. 
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THE CHEMISTRY OF HUMAN SKIN 


III. THE OCCURRENCE OF METHIONINE IN HUMAN SKIN 
(STRATUM CORNEUM) 


By VERNON A. WILKERSON anvb VICTOR J. TULANE 
(From the Department of Biochemistry, Howard University Medical School, 
Washington) 


(Received for publication, May 13, 1939) 5 


The keratins usually have been considered as containing a high 
percentage of cystine. Repeated investigations have shown that 
this amino acid accounts for practically all the total sulfur and 
that methionine, if present, occurs only in small amounts (1, 2). 
For this reason it was considered of interest to determine in human 
skin the relationship of cystine sulfur (3) to total sulfur and to 
demonstrate, if possible, the presence of methionine. 


EXPERIMENTAL 


Human epidermis obtained from cases of exfoliative dermatitis 
was washed with water, extracted with acetone, alcohol, and ether, 
dried at 150°, and powdered in a ball mill. Because of the uni- 
form histological characteristics and the constant electrophoretic 
velocity the material was considered as being only stratum 
corneum. ‘Total sulfur was determined by peroxide fusion in the 
Parr bomb (4). The procedure of Folin and Marenzi (5) was 
used for the estimation of cystine, and methionine was determined 
according to the modified method of Baernstein (6) along with 
certain changes in apparatus as advocated by Barritt (2). 


DISCUSSION 


The results represent the average of five determinations. The 
stratum corneum of the human epidermis was found to contain 
2.38 per cent cystine, 2.47 per cent methionine, and 1.09 per cent 
total sulfur. The value obtained for the total sulfur represents 
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within experimental error the sum of the sulfur content of cystine 
plus that of methionine (Table I). Portions of the ground skin 
incubated for 72 hours in solutions of pepsin and trypsin, suc- 
cessively, gave results which were slightly higher: cystine 2.51, 
methionine 2.60, and total sulfur 1.10 per cent. The cystine 
figures are lower than those reported for skin by Eckstein and 
Block (7) but agree with results published previously by one of 
us (3). It is conceivable that in normal individuals the amount 
of cystine in the skin, as in hair and nails, may vary and may be 
dependent upon the state of nutrition or the presence of debilitat- 
ing diseases. The stratum corneum contained 15.25 per cent 
nitrogen (3). The ratio of nitrogen to total sulfur is, therefore, 
approximately 1:25. These values are in good agreement with 
those previously reported by Wilson and Lewis (8). 


TABLE | 
Sulfur Distribution in Stratum Corneum 
The values are given in per cent of total sulfur. All calculations are 
on a moisture- and ash-free basis. Each value is the average of five de- 
terminations. 


104.58 


The opinion has been advanced that the biological significance 
of cystine in keratins is associated with keratinization and that 
keratinization is the result of the incorporation of cystine nuclei 
within the primary cell-forming materials (9). The replacement 
of cystine by methionine in growth experiments and the metabolic 
interrelationship (10) of the two sulfur-containing amino acids 
suggest that methionine might also be concerned in keratinization. 
It is quite possible that increased keratinization is accompanied 
not only by increased cystine incorporation but by a decrease in 
methionine content and that cystine might be incorporated at the 
expense of methionine. According to the latter view, the skin 
must be considered as being less keratinized than the hair and 
nails, both of which contain very little methionine. This state- 
ment is adequately supported by the histological findings. 
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SUMMARY 


1. Methionine has been found in human skin. 
2. Sulfur distribution has been determined. ‘The results show 


2.38 per cent cystine, 2.47 per cent methionine, and 1.09 per cent 
total sulfur. Cystine sulfur and methionine sulfur represent, 
respectively, 55.96 and 48.62 per cent of the total sulfur. This 
is quite significant in contrast to the findings in other keratins, 
which show high cystine and relatively low methionine content. 


3. The view is advanced that while the amount of cystine in 


the scleroproteins increases with the amount of keratinization 


the amount of methionine decreases. 
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METHIONINE STUDIES 


III. A COMPARISON OF OXIDATIVE REACTIONS OF METHIO- 
NINE, CYSTEINE, AND CYSTINE. DETERMINATION OF 
METHIONINE BY HYDROGEN PEROXIDE OXIDATION* . 


By GERRIT TOENNIES ann THOMAS P. CALLAN 
(From the Lankenau Hospital Research Institute, Philadelphia) 


(Received for publication, May 18, 1939) 


The endeavor to provide chemical answers to the question of 
the physiological functions of important amino acids has, during 
the past 20 years, produced much work devoted to the chemical 
study of the sulfur compounds cystine and cysteine. The growing 
evidence! for the biological importance of another sulfur com- 
pound, methionine, seems to demand and justify attention to its 
chemical potentialities. Especially would an evaluation of the 
chemical possibilities of its distinguishing —-SCH; group seem 


indicated as a basis for the physiological evaluation of the com- 


pound. ‘The discoveries of the thiolactone derivative (2) and of 
homocysteine (3) suggest one set of biological implications. 


HOOC CH;,—-S—CH: -CH:OH OC-—S——CH: 
HC(NH,)——--CH, +CH,OH 4HOC(NH,)—CH, ~—H:0 


HOOC HS—CH, 


HC(NH;)-—— CH; 


Another aspect is brought forward by the preparation of a sulf- 
oxide derivative (4). Closer investigation of the conditions 
governing the sulfoxide formation revealed the fact, hitherto 
unsuspected, that methionine is much more reactive toward hydro- 


* Aided by a grant from the Blanche and Frank Wolf Foundation, Inc. 

Reported before the meeting of the American Society of Biological 
Chemists at Toronto, April, 1939. 

' For a review cf. (1). 
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gen peroxide than cystine and even cysteine. Under a variety of 
conditions studied the reaction was found to be limited to the 
sulfoxide stage 
C,H,O,—-S-—-CH; + H,0, — C,HsO,—-SO--CH; + H,0 
except under the influence of molybdate catalysis which causes 
oxidation to proceed beyond that level. 
EXPERIMENTAL 
The results of experiments on the hydrogen peroxide oxidation 


of methionine are summarized in Fig. 1. These experiments were 


0.16 M ¢i-ME THIONINE 
QI9M 

@ 

@ (0.007 M HCIO,) 

(0.009M HCIO,) 

V pH! (0.25 HCIQ,) 

V pHi ( ” ) + 0.001 

V pHi ( ) + 0.0025M 

@ im HCIO, 

OiM HCI 

A 2MHCIO, 

A 2M HCI 

HClO, 


0.013 M CYSTEINE 


S “TOW DGINNASNOD NIDAKO— NOLY 


0.022M H202 
[trom PIRIE, BIOCH. J. 25, 1567 (i931) 
pti 
50 MINUTES 


Fig. 1. The oxidation of dl-methionine by hydrogen peroxide 


carried out at room temperature and with a molar excess of hydro- 
gen peroxide of about 20 per cent. The experiment at pH 5 
represents a mixture of methionine and hydrogen peroxide without 
any additions. The pH was estimated colorimetrically (pH_ 5, 
4.5, 3) or by calculation (pH 1). The catalysts were used in the 
form of a solution of Cu(ClO,)>. in dilute HCIO, (5) and of am- 
monium molybdate. The determinations were carried out iodo- 
metrically by adding | ec. samples of the reaction mixture to 
about 40 ee. of combined reagents, containing starch, 5mm» of KI, 
0.1 me of (NH 4)oMoQ,, and an appropriate amount of acid, and 
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titrating with 0.025 N thiosulfate. On account of their accelerat- 
ing effects on the methionine oxidation neither acid nor molybdate 
must be added to the sample previous to the addition of iodide. 
According to Fig. 1 the oxidation velocity appears to be constant, 
within the limits of experimental accuracy, over a broad pH range. 
However, when the acidity is increased to higher ranges, pro- 
nounced acceleration becomes apparent, to the extent that in 4 
mM HCIO, the reaction is practically complete in 3 minutes. Com- 
parison of HCl and HCIO, indicates absence of a specific effect 
of the acid molecule. Cupric ion which is a powerful catalyst in 
the hydrogen peroxide oxidation of cysteine (6, 7) appears to be 
without effect. On the other hand, a dramatie effect is produced 
by molybdate anion. Not only does it speed up the reaction but 
it causes it to extend beyond the sulfoxide stage, a phenomenon 
that might be useful in the production of a sulfone. Its im- 
portance as a disturbing analytical factor has been mentioned 
above. For ready comparison data of Pirie (6) on the non- 
catalyzed peroxide oxidation of cysteine have been recalculated 
and incorporated in Fig. 1. The conditions are not strictly com- 
parable, but the superior reactivity of methionine is doubly em- 
phasized by the lower reaction curves of cysteine when the higher 
peroxide-sulfur ratio of the cysteine experiments and the reverse 
acidity effect are considered. 

Since the oxidation velocity of methionine increases with in- 
creasing acidity, while that of cysteine decreases, it seemed to be of 
analytical interest to determine how large the velocity difference 
becomes at higher acidities. Fig. 2 shows the oxidation of cysteine 
under conditions comparable with some of those of Fig. 1. Iodo- 
metric or similar chemical methods of determining hydrogen per- 
oxide are not applicable, since oxidants like iodine cause immediate 
oxidation of cysteine to cystine. The cysteine oxidations were, 
therefore, followed polarimetrically and recalculated in terms of 
oxygen consumption (right-hand ordinate scale) on the basis of 
the —SH — --S-—-S— reaction, an assumption which in previous 
work (7) under similar conditions was found to be correct as a 
first approximation, especially in the early stages of the reaction. 
The present data indicate that Cut+* catalysis prevails also in an 
HCIO, medium and that the latter acid produces a lower oxidation 
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velocity than HCl of like concentration.* Reference to Fig. 1 
shows that under comparable conditions in 2 Mm HCIO, methionine 
consumes 1.00 atom of oxygen in 10 minutes, while cysteine con- 
sumes but 0.013 atom. The velocity of the oxidizing action of the 
resulting methionine sulfoxide on cysteine also is very low (4) and 
peroxidimetric determination of methionine in the presence of 
cysteine thus appears as a possibility. However, its realization 
would depend on the use of a suitable method of hydrogen peroxide 
determination, since iodometric, permanganometric, or similar 
procedures are ruled out, owing to the action of the respective 


0J6 M i-CYSTEINE 


a 

> 

0.19 M H202 

2M HCIOy + 0.001 M * 3 
O 2M HCIO,g 

7 
0.14 2 

> 
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0°. 4 
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50 100 


MINUTES 
Fig. 2. Oxidation of l-cysteine by hydrogen peroxide in acid solutions 


reagents on cysteine. Because the problem is of no immediate 
practical concern we have not attacked it. 

We have, however, in order to complete this survey considered 
the hydrogen peroxide oxidation of cystine. It has been shown 
that when cysteine is oxidized by hydrogen peroxide the oxidation 
proceeds beyond the cystine level (7) and that under various con- 
ditions either cysteic acid or sulfate or both are the end-products 
of cystine oxidation (8, 9). Our present object was not the in- 
vestigation of the kinetics and intermediate stages of these ob- 
viously complex reactions, but merely a comparison, under a 


? The qualitative aspects of these results have been confirmed in different 
experiments, even though the actual velocities tended to vary. This may 
be attributed to lack of close temperature control and especially to heavy 
metal catalysis, due to the impossibility of ruling out metallic contamina- 
tion when using acid solutions and metal-capped polarimeter tubes. 
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limited set of conditions, of the initial velocity of the hydrogen 
peroxide oxidation of cystine with that of methionine. Fig. 3 
shows the data obtained. It appears that not only is the reaction 
again slower than that of cysteine but that it is subject to entirely 
different laws than the latter. The outstanding difference is 
that the oxidation of cystine is accelerated by increasing acidity, 
while that of cysteine is made slower. This opposite behavior of 
the —-SH and the —S—S— compound is surprising, although it 
could have been suspected from a comparison of earlier observa- 
tions that at pH 2 hydrogen peroxide oxidation of cysteine does 
not readily go beyond the cystine level (6), while in N HCl the 
latter is exceeded promptly (7). The mechanism of cystine oxida- 


0.05 M CYSTINE 

0.37 M H202 

6] O O2MHCIO4g 

© O.2MHCIOg + 0.0001 Cu** 
@ 0.2M HCIO, + 0.001 M 
O 2MHCIO, 

@ 2M HCI04+0.000IM CU” 
Ho SO4 


0.08 M CYSTINE 
—— 90.19 M 


2MHCIO4 


— 


Fic. 3. The oxidation of l-cystine by hydrogen peroxide 


tion further differs from that of cysteine in that the former is not 
influenced by cupric ion. In both of these regards the cystine 
oxidation seems to be governed by the same influences as the 
methionine oxidation. However, a point of difference also ap- 
peared between these two processes, inasmuch as the rate of 
cystine oxidation was found to change when perchloric acid was 
replaced by like concentrations of hydrochloric or sulfuric acid, 
while such species effect of acid did not appear in the methionine 
oxidation, but, instead, in the cysteine oxidation. In order to 
provide a sufficient peroxide excess for complete oxidation some- 
what different concentrations were chosen in the cystine experi- 
ments; however, one experiment was inserted (dotted line) in 
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which sulfur, peroxide, and acid concentration are directly com- 
parable with preceding cysteine and methionine experiments. It 
is evident that in comparison with methionine the oxygen uptake 
of cystine is practically negligible. The possibility, suggested by 
the foregoing experiments, of selective oxidation of methionine 
in the presence of cystine was tested by experiments in which equal 
amounts of dl-methionine sulfur and /-cystine sulfur were present. 
Polarimetric observations and iodometric peroxide determinations 
showed that both compounds behave the same when present to- 
gether as when investigated separately. 

Taken all together the observations on the three sulfur-bearing 
amino acids show that not only is the velocity of hydrogen peroxide 
oxidation greatly different in each case but also that each oxidation 
has its own reaction mechanism governed by different factors. 
Furthermore, different oxidizing agents act in different fashions 
(cf. (10)). The relatively rapid action of aqueous iodine on 
cysteine and cystine is well known (11) and in contrast with the 
slower action of peroxide in producing the same end-products. 
In the case of methionine, on the other hand, where the peroxide 
oxidation is rapid, the iodine oxidation is negligibly slow. The 
disappearance of iodine from a 0.024 mM methionine and 0.040 mM 
iodine solution in 0.05 m HCl corresponded to 12 and 25 per cent 
oxidation of methionine to the sulfoxide, after 18 and 70 hours 
respectively. 

In view of the rapidity with which methionine reacts with hy- 
drogen peroxide in acid solution and the sharply different behavior 
of cystine and cysteine, it seemed worth while to examine the pos- 
sibility of utilizing the peroxide oxidation of methionine for its 
determination among the products of protein hydrolysis. This 
was done on three products of different nature: egg albumin, a 
protein of animal origin and high methionine content; arachin, a 
protein of plant origin and low methionine content; and a mixture 
of amino acids and sodium chloride obtained from a hydrochloric 
acid hydrolysate of egg albumin by the method of Hill and Robson 
(12). The egg albumin was a commercial grade (Merck and Com- 
pany) and the arachin was prepared from peanut meal in this 
Institute by Dr. M. A. Bennett. The experimental results are 
reproduced in Figs. 4, 5, and 6. The proteins were hydrolyzed by 
8 hours boiling with 6 m HCI and the hydrolysate was evaporated 


* 
; 
4 | 
| 
} 
4 
| 
| 


G. Toennies and T. P. Callan 487 


to a syrup under reduced pressure. The residue was dissolved in 
and made up to volume with 2M HCIO,. The initial oxidations 
were based on the total sulfur content of the protein (determined 
by the oxygen bomb method) in such a manner that 5 ec. of the 
hydrolysate mixture were combined with 2 ec. of concentrated 
(10.9 Mm) HCIO, and 0.5 ec. of a peroxide solution containing 1.2 to 
1.5 molecules of HO, per atom of sulfur in the hydrolysate. Un- 
der these conditions the total perchloric acid concentration cor- 
responds to about 4 mM. In the experiment marked 2 m (Fig. 4) 
the 2 ec. of concentrated perchloric acid were omitted. At short 


‘HYDROLYSIS |A| 


(BRAND &AKASSELL METHOD) 


MINUTES 20 40 


Fic. 4. Hydrogen peroxide oxidation of egg albumin (total sulfur 1.58 
per cent) hydrolysates. Hydrolysis A, 7.481 gm. of dry egg albumin and 
80 cc. of 6 mM HCl boiled for 8 hours, evaporated, and made to 25 ee. with 
about 16 ec. of 2 m HCIO,. Hydrolysis B, 7.325 gm. treated similarly. 
Weight of evaporation residue 10.9 gm.; made to 25 ec. with about 17 cc. 
of 2M HC1O,. 


intervals 1 cc. samples of the oxidation mixture were added to 
about 50 ec. of water containing 0.05 mM of (NH,4)eMoQO,, 2 mM of 
H.SO,, 10 ma of KI, and 0.015 gm. of starch, and the hberated 
iodine was titrated with 0.025 N thiosulfate. The exact peroxide 
blank values were determined by titrating 1 cc. samples from 
mixtures of the same volumes of acid and peroxide as were used in 
the tests. For the calculation of the peroxide consumption of 
the total 5 ce. sample, volumes were considered additive (e.g. 5 + 
2+ 0.5 = 7.5 cc.). 


Although these oxidations showed a more or less rapid oxygen 
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uptake which far exceeded the methionine value as determined by 
the Baernstein method in the modified procedure of Kassell and 
Brand (13), back extrapolation to zero time yielded values of the 
right order of magnitude in the case of egg albumin. Confirma- 
tion was attempted on the basis of the model experiments (Fig. 1) 
which showed that with a 20 per cent peroxide excess and in 4 M 
HClO, the methionine oxidation was at least 90 per cent finished 
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Fia. 5 Fic. 6 


Fic. 5. Hydrogen peroxide oxidation of arachin (total sulfur 0.42 per 
cent) hydrolysates. Hydrolysis A, 9.820 gm. of dry arachin and 100 ce. 
of 6 mM HCl boiled for 8 hours, evaporated (to 15.7 gm.), and made to 25 cc. 
with about li5ecc. of 2m HCIO,. Hydrolysis B, 9.890 gm. treated similarly. 
Weight of evaporation residue 15.5 gm. 

Fic. 6. Hydrogen peroxide oxidation of a crude amino acid-sodium 
chloride mixture (total sulfur 1.03 per cent, NaCl about 50 per cent). 
10.004 gm. of the dry substance were treated with 2 m HCIO,, and the 
solution filtered from NaCl; the filtrate and washings with 2 m HCIO, 
and methanol (2 cc.) were made up to 25 cc. 


after about 1 minute and practically complete after 3 minutes. 
Therefore, in additional experiments the peroxide used was reduced 
to approximately five-fourths of the amount consumed after about 
1 minute in the initial experiments, which were arranged on the 
basis of total sulfur. Figs. 4, 5, and 6 show that the zero time 
results obtained by this procedure on duplicate hydrolysates 
of egg albumin and arachin, as well as on a solution of a dry mix- 
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ture of amino acids and sodium chloride, are in substantial agree- 
ment with the methionine values obtained by demethylation. 
This is true despite the fact, which it seems difficult to reconcile 
with Curves 2 and 4 (Fig. 5), that in the initial oxidations of the 
arachin hydrolysates (Points | and 3, Fig. 5) the peroxide appeared 
to be consumed so rapidly that after 2 minutes the iodine liberation 
had already become negligible. In interpreting this phenomenon 
one must consider that the method used for the determination of 
peroxide is an indirect one, involving the presence of iodine as a 
possible oxidant in the reaction mixture, and that an electrometric 
method may give different results. It does seem justified, how- 
ever, to conclude that, while methionine and cystine sulfur can 
by no means account fully for the peroxide consumption observed 
in these crude products, the oxidizability of methionine under the 
experimental conditions is sufficiently superior to that of other 
reactive products present to permit an estimation of the methion- 
ine content on this basis. At the same time it is obvious that 
more work would be necessary before the method could be recom- 
mended for analytical purposes. 


SUMMARY 


Study of the hydrogen peroxide oxidation of methionine showed 
it to be far superior in rate to that of cysteine and cystine. The 
peroxide oxidation of each of the three sulfur compounds was 
found to be influenced in a different fashion by such factors as 
acidity or presence of catalysts. The high reactivity of methion- 
ine sulfur as a substrate for peroxidic oxygen may deserve 
consideration from the physiological view-point. Exploratory 
experiments indicate the possibility of utilizing the peroxide 
oxidation of methionine for its determination among the products 
of protein hydrolysis. 
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THE NICOTINIC ACID CONTENT OF THE BLOOD OF 
MAM MALIA* 


By P. B. PEARSON 


(From the Department of Animal Husbandry and the Agricultural Experiment 
Station, Agricultural and Mechanical College of Texas, College Station) 


(Received for publication, May 19, 1939) 


Since the physiological importance of nicotinic acid was es- 
tablished, a number of methods have been reported for its deter- 
mination in biological material (1-5). One of these methods has 
been adapted to blood (4) and the results of determinations on 
three samples of human blood have been reported. 

In connection with investigations on the réle of nicotinie acid 
in Herbivora we have been interested in studying the normal levels 
of nicotinic acid in the blood of various species and its distribution 
between the cells and plasma. As a preliminary, the methods 
reported by von Euler et al. (3) and Swaminathan (4) were used 
with known amounts of nicotinic acid. The former proved to be 
much less sensitive than the method of Swaminathan, which was 
selected for the blood analysis. However, it was shortly found 
that this method did not give consistent results and it was, there- 
fore, necessary to make certain modifications. It was found that 
in decolorizing the concentrated filtrate with charcoal the nicotinic 
acid was adsorbed and that it would not be completely eluted. 
Furthermore, it was necessary to use larger quantities of depro- 
teinized blood than was reported in the original method. Certain 
other modifications were found desirable and for these reasons the 
method is briefly described. 


Method 


The reagents employed are the same as those used by Swamin- 
athan (4). 20 ml. of fresh blood are deproteinized according to 


* Published with the approval of the Director of the Texas Agricultural 
Experiment Station as technical contribution No. 527. 
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the method of Folin and Wu (6). The maximum yield of clear 
supernatant liquid is obtained by centrifugation. The liquid is 
decanted and 150 ml., representing 15 ml. of blood, are taken for 
the determination. This is reduced by evaporation on a water 
bath to approximately 30 ml. Sufficient concentrated hydro- 
chloric acid is added to make a concentration of 5 per cent and the 
whole boiled gently for 3 minutes. After cooling, it is transferred 
to 50 ml. centrifuge tubes and centrifuged for 10 minutes. The 
liquid is then decanted into 150 ml. beakers and adjusted to a pH 
of 7.0 by the addition of a 10 per cent solution of sodium hydroxide, 
and evaporated on a water bath to approximately 15 ml. Cool 
and filter through a Whatman No. 42 filter paper into a 25 ml. 
volumetric flask. Two standards are prepared containing 50 and 
100 micrograms of nicotinic acid respectively and water added to 
bring the total volume to I8 ml. 4 drops of saturated aqueous 
aniline solution are added, followed by 4 ml. of cyanogen bromide. 
Shake and let stand for 2 minutes and add 1 ml. of aniline solution 
and make up to volume. Compare after 5 minutes in a colorim- 
eter. 

This method has proved to be about 4 times as sensitive as the 
method reported by von Euler et al. (3) in which B-naphthylamine 
hydrochloride is used in place of aniline. It gives consistent 
results when applied to blood and the recovery of nicotinic acid 
added to fresh blood is within the range of experimental error. 


Results 


Distribution—The nicotinic acid of the whole blood and plasma 
was determined in the blood of pigs, sheep, and horses. The 
plasma gave only a very faint yellow color of an order much too 
low to determine colorimetrically. These observations, that prac- 
tically all of the nicotinic acid is in the erythrocytes, are in agree- 
ment with the recent findings of Dorfman et al. (7). Using the 
dysentery organism for the quantitative estimation of nicotinic 
acid, these investigators found that nearly all of the activity was — 
in the erythrocytes. 

Values for Whole Blood—-Studies were made of the nicotinic 
acid content of four different species; namely, the dog, pig, sheep, 
and horse. For the first two of these it is well established that 
nicotinic acid is a dietary essential (8, 9). Evidence on the réle 
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of nicotinic acid in Herbivora is very limited. Investigations 
have been reported indicating that if nicotinic acid is a dietary 
essential for sheep the requirements for this species are much 
lower than for the pig, dog, or man (10). 

The results of the study of the nicotinic acid content of the blood 
of various species is reported in Table 1. The average values 
for the dog, pig, and horse are of the same order, while it is slightly 
higher for sheep. However, there is considerable variation in the 
range for the sheep. Consequently, no significance is attached 
to the higher average for this species. Furthermore, the low 
values for all four species are very similar. The values reported 
here are of the same order as those found in the three determi- 
nations made on human blood (4). 


TABLE | 
Nicotinic Acid Content of Whole Blood 


The values are expressed in mg. per 100 ml. 


Species No. of animals Average Range 
Dog . | 10 0.52 0. 36-0 .67 
11 0.47 .32-0.77 
Sheep 22 0.83 0.36-1.33 


Nutrition-—-A limited amount of information is available on the 
effect of nutrition on the nicotinic acid content of blood. The 
sheep represented in Table I were fed a diet relatively rich in 
nicotinic acid in that it contained good quality alfalfa hay or green 
grass. Determinations were made on the nicotinie acid content 
of the blood of a second group of five sheep receiving a diet con- 
sisting of cottonseed hulls, cottonseed meal, kafir grain, and salts, 
which, according to our present knowledge of the distribution of 
nicotinie acid, would furnish a relatively small amount of the 
acid. Nevertheless, the nicotinic acid content of the blood of 
these animals did not differ materially from those reported in 
Table 1; in fact, it was slightly higher. Studies are now in progress 
to determine whether a typical pellagra-producing diet fed to 
sheep will affect the nicotinic acid content of the blood. 

In a single case an opportunity was afforded to determine the 
nicotinic acid of the blood of a dog showing well developed signs 
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of blacktongue produced by feeding a typical blacktongue-pro- 
ducing diet. The nicotinic acid of the blood of the dog was 0.15 
mg. per 100 ml. as compared with an average of 0.52 for normal, 
and the lowest value found in dogs receiving a standard dog food 
was 0.36. As the animal was destroyed for other studies, it was 
not possible to determine what effect the administration of nico- 
tinic acid might have on its level in the blood. 


SUMMARY 


A modified procedure is presented for the determination of 
nicotinic acid in blood. The method has been applied to the 
determination of nicotinic acid in the blood of the dog, pig, sheep, 
and horse, and the values found for these species are presented. 
The nicotinic acid was found to exist almost entirely in the erythro- 
cytes. Observations are presented on the effect of a low nicotinic 
acid chet. 
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THE PHYSICOCHEMICAL CONCENTRATION OF 
VITAMIN K | 


By BYRON RIEGEL, CARL E. SCHWEITZER, anp 
PERRIN G. SMITH* 


(From the Chemical Laboratory of Northwestern University, Evanston) 
(Received for publication, May 11, 1939) 


Clinical applications have greatly stimulated the interest in 
the antihemorrhagic vitamin. The Danish discoverer, Henrik 
Dam (1, 2), and coworkers have made many contributions to our 
present knowledge of this vitamin (3). Contemporary with their 
work is that of Almquist and his associates (4, 5) at the Univer- 
sity of California. The methods of bioassay (6-10) have been 
carefully studied by several research groups. 

Because of the lack of reactive groups in vitamin K the meth- 
ods of concentration are severely handicapped. The fact that the 
vitamin is very sensitive to alkali and somewhat sensitive to 
acid restricts the methods that may be used. 

In this investigation we used refined vitamin Kk concentrates, 
kindly given to us by the Abbott Laboratories. Most of the con- 
eentrates were made by petroleum ether extraction of dehydrated 
alfalfa leaf meal. In the commercial production of the concen- 
trates most of the porphyrins, carotenoids, and sterols were re- 
moved. It was evident that the best way to remove the rest of 
these substances would be by chromatographic adsorption. 
This would also be an ideal method for the removal of the vitamin 
itself. Many of the usual adsorbents cause at least partial de- 
activation of the vitamin, even those that are used only for the 
removal of the colored pigments. Dam (3) reported that calcium 
sulfate could be used for the adsorption of the vitamin and that it 
could then be eluted from this adsorbent. We have found an ex- 
cellent adsorbent for the colored pigments and phytosterols that 
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495 


| 
| 
| 
| 


496 (‘oneentration of Vitamin Kk 


accompany the vitamin. It can also be used to adsorb the vita- 
min. The adsorbent is a weakly acidic fullers’ earth called florex.! 

If the acid clay is used in small amounts, it will adsorb most 
of the colored material without either adsorbing the vitamin or 
deactivating it. Even the “activated” (11) florex can be used. 
Chromatographic examination of the original concentrates did 
not prove very successful, though the vitamin could be adsorbed 
and eluted. Unless some precautions were observed, there was a 
loss of activity which seemed to be due to decomposition. 

Almquist and Dam had reported that molecular distillation 
could be used for the concentration of the vitamin. We found 
that it was possible to distil molecularly even the commercial 
eoncentrates. Molecular distillation caused no deactivation. 
All of the original activity present in the concentrate could be 
accounted for in the distillates and residue. 

A description of the distillation indicates the extent of its use- 
fulness. In the forerun a light yellow mobile oil containing only 
traces of the vitamin is obtained. The distillate then changes 
to a darker color and increases in density and viscosity. This 
fraction contains at least 70 to 80 per cent of the activity.  Al- 
though most of the phytosterols were removed in the commercial 
preparation of the concentrates, a small amount remained. The 
phytosterols serve more or less as an indicator for the vitamin in 
the distillation. The sublimation of the phytosterols is easily ob- 
served. When the sublimation ceases, practically all of the 
vitamin has distilled. The inactive residue contains the deeply 
colored pigments and most of the fats. Since the+ vitamin is 
stable at these temperatures, we could not see much advantage in 
using recirculating molecular stills rather than the simpler pot 
stills. 

Two methods were used to remove the phytosterols from the 
active distillates. Dilution of the distillates with almost any of 
the ordinary solvents caused a large amount of the phytosterols 
to precipitate. The small-amount that remained could be ad- 
sorbed on florex. If too large a quantity of florex is used, a part 


! This is the commercial name for a Florida fullers’ earth manufactured 
by the Floridin Company, Warren, Pennsylvania. The authors wish to 
express their appreciation to the Floridin Company for generous gifts of 
this material. 
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or all of the activity is adsorbed. The sterols were removed first, 
since they are more strongly adsorbed than the vitamin. We have 
determined the quantitative conditions for this adsorption with 
activated florex. The combination of molecular distillation and 
the removal of the sterols gave an excellent enrichment. In one 
experiment carried out quantitatively the active fraction repre- 
sented only about 10 per cent of the original weight but contained 
about 75 per cent of the activity. 

The phytosterol mixture proved to be mostly a-spinasterol 
(12). No other sterol was isolated. The sterol mixture and the 
pure a-spinasterol showed absolutely no vitamin kK activity. 
Recently Karrer joined with Dam (13) for the chemical investiga- 
tion of vitamin Kk. They reported the isolation of two different 
sterols. Probably the sterol which they called medicagosterol I] 
is an impure form of a-spinasterol. The a-naphthyl urethane, 
the acetate, and the benzoate of presumably the same sterol were 
prepared in this investigation. The melting points of the acetate, 
benzoate, and free sterol (prepared by saponification of the pure 
acetate) corresponded with those recorded in the literature for 
a-spinasterol. ‘The free sterol was also compared to an authentic 
sample kindly supplied by Dr. Heyl and Dr. Kolloff of The Up- 
john Company. It is interesting to note that spinach from which 
a-spinasterol was first isolated is also rich in vitamin K. This 
is the first time a-spinasterol has been shown to occur in alfalfa. 

We had also noted a color change similar to that mentioned by 
Karrer and coworkers on treating the vitamin concentrates with 
sodium ethoxide. After such a treatment we obtained a crystal- 
line substance that melted at 63°. It was crystallized from several 
solvents and the melting point rose to 69°, where it remained con- 
stant. Doisy and coworkers (14) had reported an active sub- 
stance melting at this temperature, so we investigated this sub- 
stance rather thoroughly. The St. Louis research group has not 
been able to repeat its work (15). Our substance melting at 69° 
is ecarnaubyl alcohol, which is widely distributed in 
nature, but this is the first time it has been reported as occurring 
in alfalfa. The structure of carnaubyl alcohol is not known, ex- 
cept that it is a primary alcohol and can easily be oxidized to 
carnaubie acid, CeyHysOe, m.p. 72-73°. Neither the acid nor the 
alcohol agrees with the known straight chain compounds. The 
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earnaubyl alcohol showed no vitamin K activity. This is not 
surprising, because it was isolated from a fraction that had been 
treated with sodium ethoxide, which is known to destroy the ac- 
tivity. 

The foreruns from the molecular distillations of the concentrates 
made by methanol extraction had been allowed to stand in the 
laboratory for several weeks. <A few crystals had formed in them 
which were removed and found to melt at 50°. This again cor- 
responded closely to one substance reported by Doisy and co- 
workers (15) which they isolated from putrefied fish meal. Their 
substance had high vitamin K activity but not as high as that of 
their purified oil from alfalfa. After several crystallizations of 
our material the melting point rose and remained constant at 
54°. The substance gave no antihemorrhagic protection. Its 
chemical investigation has been discontinued for the present. 

Almquist reported that heating an alcohol solution of the vita- 
min with concentrated hydrochloric acid destroyed the activity. 
We have found that heating an absolute ethanol solution of the 
vitamin containing 0.5 per cent dry HCI caused partial destruction 
of the activity. 

The other workers in this field have reported many attempts to 
find functional groups in the vitamin. All of their results have 
been negative except for a few unsaturated hydrocarbon reactions. 
We likewise have searched for functional groups with negative 
results except unsaturation. According to carbon and hydrogen 
analyses (13, 16) the vitamin does contain oxygen. If so, the 
oxygen must be in some inert form. We also tried to remove the 
inactive material by chemical reactions with little or no success. 
At the same time we have been carrying out reactions for un- 
saturated hydrocarbons. We have confirmed Almquist’s finding 
that bromination or partial bromination is of questionable useful- 
ness. Maleic anhydride has been tried under various conditions 
but apparently does not give an addition product. 

Almquist and Klose (17) reported that the vitamin would form a 
stable addition product with desoxycholic acid. We have not 
been able to confirm this report. It has been our experience that 
fractions of choleic acids closely corresponding to those described 
by Almquist and Klose may be obtained. However, since the 
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alfalfa concentrates are not very soluble in 75 per cent methanol, 
the yellow crystals are apparently contaminated with the original 
oil. On erystallization of the choleie acids from absolute ethanol, 
in which the concentrates are more soluble, there were obtained 
white crystals of no activity and a yellow mother liquor which, 
after removal of the desoxycholic acid by the xylene method and 
evaporation, gave an active oil. The data of Almquist and Klose 
seem to indicate that the oil obtained from the decomposition of 
their active choleic acid possessed little if any higher activity than 
their original concentrate. Since concentrates of higher potency 
have been announced (13, 15, 16), it seems unlikely that the 
material described by Almquist and Klose represents a pure vita- 
min Kk choleie acid. 

The vitamin can be selectively adsorbed on florex. This must 
be carried out carefully; otherwise there is partial deactivation. 
One adsorption and elution increased the potency of our material 
1.6 times. Further reports from this laboratory on the concentra- 
tion of vitamin K will appear in the near future. 


EXPERIMENTAL 


Selective Adsorption—For the removal of the colored pigments 
in the vitamin K concentrates it was found that either petroleum 
ether (b.p. 65-75°) or benzene could be used for the solvent. Sev- 
eral quantitative experiments were performed to find the best 
eonditions. 

Two types of concentrates were tested, those obtained by meth- 
anol and those obtained by petroleum ether extraction of dehy- 
drated alfalfa leaf meal. To 41.45 gm. of concentrate dissolved 
in 500 ec. of benzene were added 183 gm. of activated (11) florex. 
After thorough mixing, the mass was filtered on a Buchner 
funnel with a rubber dam. The fullers’ earth was transferred to a 
beaker and washed with five 300 ec. portions of benzene. Vacuum 
concentration of the benzene left 31.44 gm. of an orange-red oil, 
or 75.8 per cent of the original weight. The yields varied in this 
treatment from 75 to 90 per cent of the starting material. Less 
material was adsorbed by the florex when benzene was used as the 
solvent than when petroleum ether was used. The activity of 
the original concentrate in this case was about 3000 Dann units 
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(9) per gm., while that from which most of the colored pigments 
had been removed was about 4000 Dann units per gm., showing 
that none of the activity was lost. 

Several attempts at chromatographic adsorption of the de- 
colorized concentrates were made. The results were not en- 
couraging because of the difficulty in following the vitamin. We 
decided to return to this method after obtaining more potent con- 
centrates, 

Molecular Distillation At first molecular distillation was used 
on concentrates from which practically all of the coloring matter 
had been removed as described above. We soon found that the 
commercial concentrates could be distilled directly. 

The distillations were carried out in a molecular still which held 
about 450 gm. of oil. The still was designed so that the distance 
from the liquid to the condensing surface was about 6mm. Since 
only about 25 per cent of the alfalfa concentrate must be distilled, 
the still may be rather deep without the level of the liquid falling 
too far from the condensing surface. 

In a typical distillation the still was filled with a degassed, 
commercial, hexane-extracted vitamin K concentrate containing 
3300 Dann units per gm. A light yellow forerun distilled at 
80-110°, at a pressure of 10°?’ mm. The forerun weighed 49.5 gm. 
and assayed 660 Dann units per gm. After the forerun had prac- 
tically ceased distilling, the temperature was raised to 120-125° 
and the collection of the active fraction begun. The active frac- 
tion was distilled up to a temperature of 150°. This fraction is 
red and considerably darker than the forerun. It also has a 
greater density and much higher viscosity. If, during the latter 
part of the distillation of this fraction, the condensing surface 
was cooled too much, it quickly became choked with solid. Or- 
dinarily no cooling was employed for this fraction. When most 
of this solid had apparently distilled and the viscosity of the distil- 
late had again become comparatively small, the distillation was 
stopped. The active fraction weighed 58.8 gm. and was a red 
oil containing a large mass of crystals. The weight of the 
residue in the still was 337 gm. and this residue was found to 
have 1000 units per gm. activity. 

To remove the sterols from the active fraction 400 cc. of acetone 
were added and the solution cooled to 0°. This crystallization 
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removed 7.0 gm. of sterols. The acetone was removed and the 
fraction taken up in 500 ec. of petroleum ether, 40 gm. of activated 
florex were added, and the mixture shaken vigorously for 15 
minutes. The florex was filtered off and washed thoroughly with 
two 200 cc. portions of petroleum ether. The oil from the com- 
bined filtrates was found to weigh 47.6 gm. and assayed 23,000 
Dann units per gm. Elution of the adsorbent yielded 4.2 gm. 
of sterols. All of the sterol fractions were found to be inactive in 
the bioassay. 98 per cent of the activity contained in the original 
oil of 3300 Dann units per gm. was accounted for by this procedure. 

It was later found that the above treatment did not remove all 
of the sterols, so the following method was employed. <A con- 
siderable portion of the phytosterols was removed by crystalliza- 
tion at room temperature from 2 cc. of acetone per gm. of distillate 
and then at 0° from 4 ce. of acetone per gm. of distillate. By this 
method, phytosterols, equal to 11 to 15 per cent of the original 
weight of the distillates, were removed. The acetone was removed 
on the steam bath, reduced pressure being used for the last traces. 

The treated distillates were then taken up in 10 ee. of petroleum 
ether for each gm. of remaining oil and twice its weight of activated 
florex was added with stirring. The mixture was shaken in a 
stoppered flask for 3 to 5 minutes, the clay allowed to settle, and 
the solution decanted through a suction filter. The florex was 
then washed three times by shaking with 5 ce. of petroleum ether 
per gm. of oil, 2.5 ce. per gm., and finally with 2.5 ec. per gm. 
Instead of allowing the clay to settle after the last washing, it 
was poured onto the filter and pressed by means of a rubber dam. 
Concentration of the filtrate and washings yielded an orange-red 
oil. An additional 20 to 22 per cent of solids, based on the original 
weight of the distillates, consisting largely of phytosterols was 
thus removed. 

The Sterols— One crystallization of the phytosterol mixture from 
ethanol yielded material melting at 163-164°. Fractional erystal- 
lization indicated that this material was not homogeneous, so 
the crude mixture was subjected to saponification and the acetate 
was prepared. The acetate first melted at 173-175° but after 
several crystallizations both from methanol and acetone the melt- 
ing point rose to 182-183.5°. The benzoate was made from the 
acetate and it melted at 199-199.3°. The free sterol (prepared 
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from the acetate) after repeated crystallizations from ethanol and 
from ethyl acetate melted at 169-170°. The sterol did not depress 
the melting point of an authentic sample of a-spinasterol. The 
following melting points will serve in comparing this sterol with 
a-spinasterol isolated from two sources and. to medicagosterol IT. 


Alfalfa 
Spinach (12) Senega-root (18) 
a Spinasterol 
Free stero! 172.5 | 169 -170 164 169-170 
Acetate. 187 184.5-185.5 173 182-183.5 
Benzoate........ 201-202 | 199.5-200.5 199-1993 


The a-naphthyl urethane of the sterol was also made. After 
being crystallized first from petroleum ether and then from ethyl 
acetate, it melted at 194-195°. This did not prove, as was hoped, 
a satisfactory method for removing the sterols. 

CyoHs;sNO2. Calculated, N 2.41; found,? N 2.42 


Other Crystalline Solids—-An absolute ethanol solution of some 
of the molecularly distilled concentrate was treated with sodium 
ethoxide. The solution was heated at 60° for 4 hours, then acidi- 
fied with acetic acid. A play of colors was noted on the addition 
of sodium ethoxide somewhat similar to that described by Karrer 
and coworkers (13). The final brown color disappeared on acidi- 
fication but returned when the solution was made alkaline. An 
acid ether extract gave an oil which was redistilled. In the first 
portion of the distillate crystals formed which melted at about 
63°. Two erystallizations from acetone raised the melting point 
to 65-67.5°; a third crystallization from ethyl acetate raised the 
melting point to 69-69.5°, which remained unchanged after a 
fourth erystallization from acetone. A few qualitative tests 
combined with a carbon and hydrogen analysis indicated our 
substance to be carnaubyl alcohol (19). 

Calculated. C 81.26, H 14.21 


Found. (a) 81.25, 14.46 
(o>) 61.26, “ 14.21 


-? The authors wish to thank Mr. E. Shelberg, microanalyst for the 
Abbott Laboratories, for this and the other analyses reported in this 
publication. 
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The carnaubyl aleohol was oxidized to carnaubie acid, 
which melted at 71.5-72°. The earnaubyl alcohol was inactive 
in the bioassay. | 

As stated before, some of the vitamin K concentrates were made 
by methanol extraction. Crystals formed in the foreruns from 
the molecular distillations of these concentrates after standing 
forsome time. ‘These crystals melted at 50°. After three crystal- 
lizations from acetone, one from petroleum ether-absolute ethanol, 
and one from ethyl acetate they melted at 54-54.5°. They gave 
no biological activity. 

Adsorption of the Actiity--It was found by trial and error that 
the following conditions gave a good recovery of the activity. 
A solution of 5.055 gm. of a sterol-free distillate, containing 25,000 
Dann units per gm., in 200 ec. of petroleum ether was treated with 
40 gm. of activated florex. The mixture was shaken in a stoppered 
flask for 5 minutes, allowed to settle, and decanted onto a Buchner 
funnel. The clay was washed with two 200 ec. portions of petro- 
leum ether and finally with 100 ec. of petroleum ether. Concen- 
tration of the filtrate gave 2.525 gm. of a light yellow oil assaying 
1250 Dann units per gm. 

The activity was eluted from the florex by using five 250 ce. 
portions of ether that contained 5 per cent methanol. On removal 
of the solvent 2.585 gm. of a dark red viscous oil were obtained, 
which contained 40,000 Dann units per gm. or 82 per cent of the 
original activity. 
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ticular, of the members of this organization we wish to thank Dr. 
EK. H. Volwiler, Viee-President and Director of Research, for his 
continued interest in the problem and for making a fellowship 
available, Mr. Carl Nielsen, Director of Nutritional Research, for 
supplying us with large quantities of the concentrate and for his 
personal help and encouragement, and Mrs. Flemintine Peirce 
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SUMMARY 


Methods for the preliminary concentration of vitamin K are 
described. This includes molecular distillation and adsorption 
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with a fullers’ earth. The results of chemical studies are given. 
Carnaubyl alcohol, a-spinasterol, and another inactive substance 
melting at 54° were isolated from the vitamin concentrates. 
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CONCERNING THE CHEMICAL COMPOSITION OF 
CYSTICERCUS FASCIOLARIS* 


By L. FRANK SALISBURY anpb R. J. ANDERSON 


(From the Department of Chemistry, Yale University, New Haven) 
(Reeeived for publication, May 18, 1939) 


Tenia teniaformis (Tenia crassicollis) is the common tapeworm 
of the cat which passes its larval stage in the liver of the rat or 
certain other rodents and is known as Cystitcercus fasciolaris. 
The rodents become infested through the ingestion of food con- 
taining 7’ania eggs derived from cat feces. 

After the eggs have been ingested by the rat, the outer mem- 
branes of the eggs are dissolved by the digestive juices and the 
liberated oncospheres work their way into the blood stream and 
eventually become lodged on the surface of the liver. The para- 
sites develop rapidly and become encysted. Within the cysts the 
larve develop into segmented worms which continue to grow as 
long as the rodent lives, sometimes reaching a length of 60 em. 
or more. In external appearance the larve resemble the adult 
tapeworms but they never become sexually mature in the rodent. 
If the larve-infested rat is eaten by a cat, the normal life cycle of 
the cestode will be completed in the cat’s intestine (1). 

The occurrence of sarcoma of rat liver at the site of encysted 
larva was described by Borrel (2) and by Brumpt (3). The re- 
lation of Cysticercus fasciolaris to rat liver sarcoma was studied by 
Bullock and Curtis (4) who first reported the experimental pro- 
duction of sarcoma by feeding Tenia eggs to rats. These impor- 
tant observations were followed by extensive investigations of 
rat liver sarcoma by Curtis, Dunning, and Bullock (5) and by 
Dunning, Curtis, and Bullock (6). Miller and collaborators (7) 
have studied the serological responses of rats to Cysticercus 
fasciolaris. 

* This investigation has been supported by a grant from The Inter- 
national Cancer Research Foundation. 
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The present report is a part of a cooperative investigation 
sponsored by The International Cancer Research Foundation. 
We have had the opportunity to study the chemical composition 
of Cysticercus fasciolaris and are greatly indebted to Dr. F. C. 
Wood, Dr. W. F. Dunning, and Dr. M. R. Curtis of the Crocker 
Institute of Cancer Research, Columbia University, for providing 
us with large quantities of dried larve. An attempt has been 
made to separate and purify the various soluble compounds that 
can be removed from the larve with solvents. The substances 
that we have isolated have been subjected to chemical analyses 
and they have also been tested by Dr. Dunning and Dr. Curtis 
for biological activity. The results of the biological experi- 
ments, which are not yet completed, will be reported separately. 

Our work concerns itself with all the components that can be 
isolated from the larve, such as lipids, carbohydrates, proteins, 
etc. The present paper deals mainly with the extraction and 
fractionation of the lipid constituents and with the chemical 
analysis of the phosphatide fraction and with the composition of 
some of the water-sdluble compounds. The aqueous extract of 
the fat-free larve contained about 30 per cent of polysaccharide 
which was found to consist of glycogen. Certain of the non- 
protein nitrogen compounds have also been determined. The 
larve contain a large amount of ash which on analysis was found 
to consist mainly of magnesium and calcium phosphates and 
sulfates but such a large excess of sodium and potassium was 
also present that aqueous extracts were strongly alkaline in 
reaction. 

The only previous reference that we have found on the subject 
of chemical constituents of Cysticercus fasciolaris was the observa- 
tion by Kajiro (8) that the larve contained an abundance of 
glycogen granules. Apparently no quantitative determinations 
were made. 


EXPERIMENTAL 


The larve used in our investigations were provided by Dr. W. F. 
Dunning and Dr. M. R. Curtis. The eggs of Tania were fed to 
rats and at the end of 8 months or more the animals were sacrificed 
or autopsies performed. The larve were removed immediately 
and dried in vacuum desiccators over calcium chloride. The 
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dried material was protected as much as possible from contact 
with wir. The desiccators were filled with carbon dioxide before 
being evacuated and were opened by introducing carbon dioxide. 
Likewise the air was displaced with carbon dioxide in the bottles 
in Which the dried larvae were stored. 

When a sufficient quantity of larvee had been accumulated, the 
material was sent to this laboratory where it was further dried 
in vacuo to Constant weight at room temperature over sulfurie 
acid. The larvee thus dred lost about S per cent in weight on 
further drying at LOO® vacuo. 

The dred larve were in the form of brownish vellow. brittle 
bands from 20 to 35 mm. long. The average weight was 43 meg. 
If carefully incinerated in a platinum dish, the ash is pure white 


— 
| 


Rig. 1. Appearance of ashed Cysticercus fasctolaris. The seale above 


represents mm. 


and retains the exact form of the larva, even showing segmenta- 
tions, as mav be seen in Fig. 1, 

Eetractions of Lipids — Freshly distilled solvents were used. The 
alcohol and ether had been distilled over sodium hydroxide. 
Every effort was made to exclude air by means of carbon dioxide 
in all the operations. 

The dred larvae were ground to a fine powder in a porcelain 
ball mill and the powder was successively extracted for periods 


of from 1 to 38 days at room temperature, as follows: twice with 
acetone, three times with a mixture of equal parts of aleohol and 
ether, and finally once with chloroform. The larval residues were 
filtered on Buehner funnels after every extraction and washed 


thoroughly with the appropriate solvent. Each extract was 
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evaporated nearly to dryness under reduced pressure at a tempera- 
ture not exceeding 35°. The lipid residues were mixed with water 
and extracted with ether, and the ethereal extracts, after being 
dried over sodium sulfate, were evaporated to dryness. “The crude 
lipids were dried in vacuo over sulfuric acid. 

The extracted larvae were dried cn vacuo and reserved for other 
experiments. 

Four different lots of larvae were extracted. The results are 
given in Table I. 

Analysis of Extracted Larvae For analysis the powder was 
dried in vacuo at 110° over dehydrite, The following values were 
obtained: nitrogen (Kjeldahl) 5.19, phosphorus 0.94, sulfur 0.52, 


ash 16.3 per cent. 


TABLE | 


Lipids Extracted from Cysticercus fasciolaris 


Lot l Lot 2 Lot 3 Lot 4 

gm. gm. yan. gi 
Larvae extracted 19] 131 170) 
Acetone extract >. 1] 3.96 
Aleohol-ether extract 3.99 $.07 1.30 9 O2 
(‘hloroform extract 48 0.39 0.73 2. 
‘Votal lipids 11.58 7.0% 64 


In the ash the following constituents were determined: Na 6.99, 
Kk 3.66, Ca 29.50, Mg 20.14, S 0.74, P 5.37 per cent. The ash 
contained only traces of iron and chlorine. 

Water-Soluble Constituents In the preparation of aqueous ex- 
tracts of Cysticercus fasciolaris the tollowing procedure was used. 
The fat-free larval powder was moistened with a small quantity 
of alcohol in order to facilitate the dispersion of the powder in 
water, after which from tO to 20 volumes of boiling water were 
added gradually with stirring until a uniform suspension was 
produced. The mixture was heated in a boiling water bath for 
10 minutes in order to inhibit enzyme activity. After cooling to 
room temperature, toluene or chloroform was added and the 
tightly stoppered flask was shaken mechanically for 24 hours at 
room temperature. The insoluble matter was removed by centri- 
fuging and thoroughly washed with water. The extract was made 
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up to a definite volume with water, filtered through a Mandier 
eandle, and aliquots were used for analysis. The aqueous ex- 
tracts showed a strongly alkaline reaction to litmus. The pH 
determined with the glass electrode was 9.5. | 

In preliminary experiments it was found if the aqueous suspen- 
sions of the larval powder were not heated that large amounts of 
reducing sugar were liberated during the extractions with water, 
but extracts prepared as outlined above contained not over 
1 per cent of reducing sugar. It was also found that the maxi- 
mum amount of water-soluble constituents was removed by this 
procedure, 

Solids in Aqueous Extract—An aliquot of the aqueous extract 
was evaporated, dried to constant weight at 120°, and weighed, 
after which the residue was incinerated in a platinum dish. The 
following values were found, calculated on the dried larvee: total 
water-soluble constituents 47.3, ash 6.92 per cent. The ash was 
analyzed and the following components were determined: Na 
8.90, K 8.55, Ca 9.50, Mg 23.30, 8S 2.22, P 2.11 per cent. 7 

Carbohydrates in Aqueous Extract--As mentioned previously, 
the freshly prepared aqueous extract contained about 1 per cent 
of reducing sugar. After the extract, plus 5 per cent sulfuric 
acid, had been refluxed for 3 hours, it was found to contain 30.4 
per cent of reducing sugar calculated as glucose (9). In order 
to determine the nature of the polysaccharide which was present 
in the extract an attempt was made to isolate and identify the 
substance. 

The addition of an equal volume of alcohol to the aqueous 
extract produced a white amorphous precipitate which was 
collected, washed with alcohol, and dried. The yield of this sub- 
stance varied from 25 to 33 per cent of the dried larvee. After 
repeated precipitation from aqueous solution with alcohol the 
substance was obtained as a white amorphous powder which con- 
tained only traces of nitrogen and phosphorus. The substance 
dissolved in water, giving opalescent solutions which were colored 
deep reddish brown with iodine. These properties indicated 
that the substance was glycogen. When isolated and purified by 
the method of Somogyi (10), 3.633 gm. of dry larve gave 1.019 
gm. of glycogen, a yield of 28 per cent. This preparation con- 
tained the merest traces of nitrogen and phosphorus and on com- 
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bustion left no weighable ash. A sample of this product when 
hydrolyzed with 5 per cent sulfuric acid for 3 hours gave reducing 
sugar corresponding to 99 per cent of the theory for glycogen. 

Preparation of Glycogen Acetate—A sample of crude glycogen, 
1.589 gm., isolated from the aqueous extract by precipitation 
with alcohol was acetylated by the Einhorn and Hollandt (11) 
procedure, except that the acetylation mixture was heated on the 
water bath for 24 hours. After the mixture had cooled, a small 
amount of insoluble material was removed by centrifuging and 
the clear solution was poured into ice water. The resulting 
precipitate was collected and washed with water and with alcohol. 
The product after it had been precipitated three times from ethy] 
acetate with absolute alcohol was obtained as a white amorphous 
powder which weighed 1.96 gm. The substance contained 0.20 
per cent of nitrogen and a trace of phosphorus. It melted at 
165° and [a], in pyridine was +154°. Pringsheim and Lassmann 
(12) reported a melting point of 165° and [a@}l, in pyridine of 
+159.6° for the acetyl derivative of glycogen. 

The data recorded above show that the polysaccharide isolated 
from Cysticercus fasciolaris is glycogen. 

Water-Soluble Nitrogenous Constituents—Aqueous extracts pre- 
pared as described above were found to contain about 20 per 
cent of the total nitrogen of the larve. [Extraction of the defatted 
larve with aqueous 1 per cent sodium carbonate also removed 
only 20 per cent of the total nitrogen. The insoluble residue 
from the aqueous extraction when treated with 5 per cent sodium 
chloride or with 0.1 per cent sodium hydroxide yielded only about 
1 per cent of additional nitrogen. 

The amount of protein in the aqueous extract was very small. 
The nitrogen compounds that could be precipitated with tn- 
chloroacetic acid amounted to not over 7 per cent of the water- 
soluble nitrogen. 

Amino nitrogen, Van Slyke (13), amounted to 24 per cent of 
the total water-soluble nitrogen and amino acid nitrogen de- 
termined by formol titration (14) represented 9.8 per cent. After 
the extract had been hydrolyzed by refluxing with 9 N hydro- 
chloric acid, the value for amino acid nitrogen rose to 51 per cent, 
thus indicating the presence of a large proportion of peptide 
nitrogen. 
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Other non-protein nitrogenous components in the aqueous 
extract were determined by the usual methods and the following 
values were obtained: ammonia 0.03, urea 0.08, and uric acid 
0.02 per cent. 

Creatinine-Creatine—The defatted larval powder was first ex- 
tracted with 2 per cent acetic acid, after which the insoluble 
residue was further extracted by refluxing for 3 hours with a 
saturated solution of picric acid. The two extracts were analyzed 
according to the method of Folin (15) and the following values 
were found: creatinine 0.04, creatine 0.07 per cent. 

Cystine-Cysteine—In this determination the defatted larval 
powder was hydrolyzed according to the procedure of Rossouw 
and Wilken-Jorden (16) and the cysteine, determined by the 
Sullivan (17) method, amounted to 0.20 per cent. 

Determination of Hexosamine—The aqueous extract was ex- 
amined for hexosamine by the method of Palmer, Smyth, and 
Meyer (18). The amount found corresponded to 2.5 per cent of 
the dried larve. Attempts to isolate glucosamine as hydro- 
chloride by the usual method or by means of the carbobenzoxy 
derivative described by Chargaff and Bovarnick (19) were un- 
successful. The failure was no doubt due to the large amount of 
inorganic salts which was present. 

Examination of Lipid Fractions. Acetone Extract—The lipids 
contained in the acetone extract consisted largely of cholesterol. 
By the digitonin method recommended by Schoenheimer and Dam 
(20) it was found that this fraction contained 62.2 per cent of 
free cholesterol and after saponification the total cholesterol 
amounted to 69.0 per cent. The balance of this fraction probably 
consisted of glycerides but it has not been further examined. 

Separation of Ether-Insoluble Lipids—-The alcohol-ether and 
chloroform extracts were combined and treated with anhydrous 
ether. An insoluble portion was separated by decantation and 
washed thoroughly with ether. 

The ethereal solution and washings were combined and treated 
as will be described below. 

The ether-insoluble fraction was a buff-colored powder and 
it weighed 9.37 gm. The substance was readily soluble in 
chloroform, partly soluble in hot alcohol, but insoluble in acetone. 
A sample of the substance was precipitated four times from chloro- 
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form solution by addition of alcohol and cooling. . The faintly 
yellowish powder thus obtained melted with decomposition at 
230-235° and contained P 1.32, N 1.95. On hydrolysis with 5 
per cent sulfurie acid reducing sugar was liberated equivalent to 
14.3 per cent, calculated as glucose. The sugar solution gave no 
color reaction when heated with hydrochloric acid and orcinol but 
with phloroglucinol a red color was produced, thus indicating the 
presence of galactose. 

Since the properties of the ether-insoluble fraction indicated the 
presence of cerebrosides, an attempt was made to separate the 
phospholipid from the carbohydrate-containing substance by the 
methods developed by Levene (21), Levene and West (22), and by 
Rosenheim (23) for the purification of sphingomyelin and cerebro- 
sides. Ina preliminary experiment with about 2 gm. of the crude 
substance two fractions were obtained, one of which was nearly 
free from phosphorus, as shown in the following analyses: phospho- 
lipid fraction, found, P 3.71, N 2.82; cerebroside fraction, found, 
P 0.19, N 1.82. Further purification of this material will be 
carried out and the results will be reported in a future paper. 

Isolation of Phosphatide—-The ethereal solution mentioned 
above was concentrated to a small volume and the phosphatide 
was precipitated by pouring the solution into cold acetone. The 
phosphatide, which weighed 14.3 gm., was analyzed after it had 
been precipitated four times from ethereal solution with acetone. 
Found, N 1.86, P 4.10. For further purification the substance was 
precipitated nine times and was obtained as a brownish hygro- 
scopic powder weighing 12.21 gm. On analysis the substance 
gave N 1.74, P 4.18, values essentially the same as at first. 

Acetone-Soluble Fat--The ether-acetone mother liquors were 
concentrated to dryness and left a soft, solid, brown fat which 
weighed 3.78 gm. On analysis this substance was found to con- 
tain 1.58 per cent of nitrogen and 1.27 per cent of phosphorus, thus 
indicating that a considerable proportion of phosphatide was 
present. This fraction has not been further examined. 

Hydrolysis of Phosphatide—-Owing to the small amount of phos- 
phatide available, no attempt was made to separate it into lecithin 
and cephalin, but the substance was hydrolyzed and the cleavage 
products were isolated and examined. For hydrolysis 7.53 gm. 
of the phosphatide were refluxed with 5 per cent sulfuric acid in 
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an atmosphere of carbon dioxide for 12 hours, after which the 
hydrolysis products were separated as described in a former paper 
(24). 

Examination of Fatty Acids— The crude fatty acids were very 
dark in color and they weighed 5.09 gm., representing 67.5 per 
cent of the phosphatide. After treatment with norit 4.29 gm. 
of colorless acids were recovered and on separation by the lead 
soap-ether procedure (25) and by the Twitchell (26) method gave 
2.02 gm. of solid acids and 2.08 gm. of liquid acids having an lodine 
number (Hanus) of 66.1. 

Solid Acids —-The solid acids melted at 56-59° and the molecular 
weight determined by titration was 291. The acids were esterified 
with diazomethane and the methyl esters were fractionated three 
times through a Craig (27) column into four principal fractions. 
The purified esters were saponified, after which the free acids were 
isolated and crystallized from methyl! aleohol. The melting 
points were taken and the molecular weights were determined by 
titration. 

Fraction I consisted of palmitic acid, m.p. 59.5-60.5°, mol. wt. 
259, and amounted to about 20 per cent of the total acids. 

Fraction I] was stearic acid, m.p. 68.5-69.5°, mol. wt. 288. 
This fraction amounted to about 52 per cent. 

Fraction II], about 23 per cent of the total acids, was arachidic 
acid. It melted at 75° and the molecular weight was 313. 

Fraction IV amounted to about 5 per cent and was not obtained 
in definitely pure form. The ester melted at 52° and the acid at 
78°, mol. wt. 374. The results indicate the presence of an acid 
higher than arachidie acid. 

Liquid Acids—The liquid acids were reduced with hydrogen in 
the presence of platinum oxide (28) but the reduction in this case 
was very slow and incomplete. Even after three reductions 140 
mg. of unsaturated fatty acids giving ether-soluble lead salts were 
separated by the lead soap-ether procedure. The results obtained 
indicate, however, that no liquid saturated fatty acids were 
present. 

The solid acids obtained after reduction weighed 1.46 gm., 
m.p. 64-65°, mol. wt. 291. The acids were esterified and fraction- 
ated by the method just described, after which the esters were 
saponified and the free acids were isolated and crystallized from 
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methyl aleohol. The results obtained indicated the presence of a 
trace of acid lower than palmitic, about 7 per cent of palmitic 
acid, 62 per cent of stearic acid, and about 30 per cent of acids 
higher than stearic acid, but which could not be definitely identi- 
fied. The acid fraction next above stearic acid melted at 61-62°, 
n\* = 1.4360, mol. wt. 298. In chloroform solution the acid was 
optically inactive. The value for molecular weight would suggest 
an acid of the formula C,9H:sO2, but in view of the difficulty of 
separating small amounts of higher acids it will be necessary to 
secure larger quantities before the acid in question can be ade- 
quately purified and characterized. 


Examination of Water-Soluble Cleavage Products ~The dilute . 


acid solution from which the fatty acids had been extracted was 
combined with the aqueous washings of the ether extract, and 
after the sulfuric acid was removed quantitatively with barium 
hydroxide the solution was concentrated 7m vacuo and made up to 
a volume of 250 ce. Aliquots of the solution were analyzed for 
total nitrogen and amino nitrogen. Found, total N 1.63, amino 
N 0.47. The nitrogen distribution indicates that the phosphatide 
consisted approximately of 3 parts of lecithin and 1 part of 
cephalin. 

The compounds contained in the solution were separated as 
described in a former paper (24). The barium glycerophosphate 
was obtained as a white amorphous powder that weighed 1.66 
gm. For analysis the substance was dried at 100° 7m vacuo over 
dehydrite. 


C;,;H7O¢.P Ba (307 . 36). Calculated. 10.08, Ba 44.69 
Found. 


The choline chloroplatinate weighed 1.12 gm. It was recrystal- 
lized from water by the addition of alcohol. The crystals were 
analyzed after they had been dried in vacuo at 100° over dehydrite. 


(CsHigNOC])oPtCl,(615.96). Calculated, Pt 31.68; found, Pt 31.00 


The aminoethyl alcohol was isolated as the picrolonate. The 
yield was 0.25 gm. The yellow crystals after being recrystallized 
from alcohol melted at 223-225° and there was no depression of 
the melting point when mixed with a sample of aminoethyl alcohol 
picrolonate prepared from Eastman chemicals, which melted at 
the same temperature. 
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DISCUSSION 


Very little information can be found in the literature on the 
chemical composition of parasitic worms and even less concerning 
the larval forms of such organisms but it appears from the few 
reports that have been published that the glycogen content is very 
high. Weiland (29) found that Tanta expansa contained from 
15 to 47 per cent and Ascaris lumbricoides contained from 20 to 
34 per cent of glycogen calculated on the dried tissue. The larve 
of Gastrophilus equi were examined by von Kemnitz (30) who 
found from 25.9 to 16 per cent of glycogen and from 14.7 to 26 
per cent of lipids. Recent publications by Smorodinzew et al. 
(31) have dealt principally with the determination of moisture, 
total solids, nitrogen, lipids, and ash of certain parasitic worms 
such as Ascaris lumbricoides and Tzxnia saginata. Smorodinzew 
and Bebeschin (32) reported that dried Tania saginata contained 
some 60 per cent of glycogen. 

The chemical composition of Cysticercus fasciolaris is in many 
respects unusual. The larve contain practically no reducing 
sugar but some 30 per cent of the dry material is glycogen. This 
high glycogen content is similar to the values reported above for 
the mature forms of Tania and Ascaris. 

The ash content of the larve is very high, amounting to over 
16 per cent of the dry material. The ash consists mainly of mag- 
nesium and calcium phosphate but sodium and potassium are 
present in such large amount that the ash is strongly alkaline. 
Aqueous extracts of the dried larve are also strongly alkaline in 
reaction. 

The lipids consist mainly of phospholipids, cholesterol, and 
cerebrosides with only a small proportion of glycerides. 


It is a pleasure to acknowledge our indebtedness to Dr. M. W. 
S. Schram who suggested this problem and to Dr. F. C. Wood, 
Dr. W. F. Dunning, and Dr. M. R. Curtis, through whose coopera- 
tion it has been possible to obtain large quantities of Cysticercus 
fasciolaris. 


SUMMARY 


|. Certain of the chemical constituents, especially the lipids 
and carbohydrates, of Cysticercus fasciolaris have been studied. 
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The composition of the ash and certain of the non-protein nitrogen 
compounds also have been determined. 

2. The lipids consist mainly of phospholipids, cholesterol, and 
cerebrosides, and only a small amount of glycerides are present. 

3. The lipids contain about 30 per cent of phosphatide, repre- 
senting a mixture of lecithin and cephalin. 

4. The phosphatide has been hydrolyzed and the cleavage 
products have been isolated. The fatty acids consisted of about 
equal parts of saturated and unsaturated acids. The solid 
saturated acids contained palmitic, stearic, and arachidic acids and 
a small amount of some other higher acid. The unsaturated acids 
after catalytic reduction yielded mainly stearic acid but a small 
amount of palmitic acid and some acid higher than stearic were 
also present. The water-soluble constituents were glycero- 
phosphoric acid, choline, and aminoethy! alcohol. 

5. The dried larve contain about 30 per cent of glycogen. 

6. Small amounts of hexosamine, cysteine, creatine, creatinine, 
ammonia, urea, and uric acid were detected in the larve. 


BIBLIOGRAPHY 


1. Neumann, L. G., Parasites and parasitic diseases of the domesticated 
animals, London, 397 (1905). Gamble, F. W., The Cambridge natu- 
ral history, London, 2, 74 (1896). Underhill, B. M., Parasites and 
parasitosis of the domestic animals, New York, 184 (1920). 

2. Borrel, A., Bull. Acad. méd., 66, 141 (1906). 

Brumpt, E., Précis de parasitologie, Paris, 36 (1922). 

4. Bullock, F. D., and Curtis, M. R., Proe. New York Path. Soc., 20, 149 
(1920); J. Cancer Research, 7, 195 (1922); 8, 1, 444, 446 (1924); 9, 
425, 444 (1925); 10, 393 (1926); 12, 326 (1928); 14, 1 (1930); Am. J. 
Cancer, 20, 355 (1937). 

. Curtis, M. R., Dunning, W. F., and Bullock, F. D., Am. J. Cancer, 
15, 67 (1931); 17, 894 (1933); 21, 86, 554 (1934). 

6. Dunning, W. F., Curtis, M. R., and Bullock, F. 1)., Am. J. Cancer, 

28, 681 (1936); 32, 90 (1938). 

7. Miller, H. M., Jr., Proce. Soc. Exp. Biol. and Med., 28, 467 (1931); 30, 
82 (1932); J. Prev. Med., 5, 453 (1931); 6, 17, 37 (1932); Am. J. Hyq., 
19, 270 (1934); 21, 456 (1935). Miller, H. M., Jr., and Dawley, C. W., 
J. Parasitol., 14, 122 (1927-28). Miller, H. M., Jr., and Gardiner, 
M. L., J. Prev. Med., 6, 479 (1932); Am. J. Hyg., 20, 424 (1934). 
Miller, H. M., Jr., and Massie, E., J. Prev. Wed., 6, 31 (1932). 

8. Kajiro, Y., Tr. Japan. Path. Soc., 17, 231 (1927). 

9. Shaffer, P. A., and Hartmann, A. F., J. Biol. Chem., 46, 365 (1920 21). 

10. Somogyi, M., J. Biol. Chem., 104, 245 (1934). 


| 
3 
| 


1]. 
12. 


13. 


32. 


LL. I’. Salisbury and R. J. Anderson 


Kinhorn, A., and Hollandt, F., Ann. Chem., 301, 95 (1898). 

Pringsheim, H., and Lassmann, M., Ber. chem. Ges., 56, 1409 (1922). 

Van Slyke, D. D., J. Biol. Chem., 9, 185 (1911); 12, 275 (1912); 16, 12! 
(1913-14); 23, 407 (1915). 


. Sorensen, 8. P. L., Z. physiol. Chem., 64, 120 (1910). 

. Folin, O., Z. physiol. Chem., 228, 268 (1934). 

}. Rossouw, S. D., and Wilken-Jorden, T. J., Biochem. J., 29, 219 (1935). 
. Sullivan, M. X., Pub. Health Rep., U.S. P. H.S., suppl. 89 (1931). 


Hess, W. C., and Sullivan, M. X., J. Biol. Chem., 108, 195 (1935). 


. Palmer, J. W., Smyth, FE. M., and Mever, K., J. Biol. Chem., 119, 491 


(1937). 


. Chargaff, E., and Bovarnick, M., J. Biol. Chem., 118, 421 (1937). 

. Schoenheimer, R., and Dam, H., Z. physiol. Chem., 216, 59 (1933). 

. Levene, P. A., J. Biol. Chem., 18, 453 (1914). 

. Levene, P. A., and West, C. J., J. Biol. Chem., 31, 635 (1917). 

. Rosenheim, O., Biochem. J., 8, 110 (1914); 10, 142 (1916). 

. Salisbury, L. F., and Anderson, R. J., J. Biol. Chem., 112, 541 (1935-36). 
. Varrentrapp, F., Ann. Chem., 36, 196 (1840). 

. Twitchell, E., J. Jnd. and Eng. Chem., 18, 806 (1921). 

. Craig, L. C., Ind. and Eng. Chem., Anal. Ed., 9, 441 (1937). 

. Voorhees, V., and Adams, R., J. Am. Chem. Soc., 44, 1397 (1922). 

. Weinland, k., Z. Brol., 41, 69 (1901). 

. von Kemnitz, G. A., Z. Biol., 67, 129 (1917). 

_ Smorodinzew, I. A., Bebeschin, K. W., and Pawlowa, P. I., Biochem. 


Z., 261, 176 (1933). Smorodinzew, I. A., and Bebesechin, K. W., 
Biochem. Z., 276, 271 (1935); Chem. Abst., 30, 3100 (1936). 
Smorodinzew, |. A., and Bebesehin, kK. W., Chem. Abst., 30, 1874 (1936) 


1; 

4 

19 

20) 

21 

22 

23 

24 1 

25 

26) 

27 

2s 

| 29 
30) 
31 


| 
( 
1} 
| d 
I 
O 
p 
t 
a 
| b 
| 
a 
G 


THE CHEMISTRY OF PHYTOMONAS TUMEFACIENS 


I. THE LIPIDS OF PHYTOMONAS TUMEFACIENS. THE 
COMPOSITION OF THE PHOSPHATIDE* 


By WALTON B. GEIGER, Jr.,t— anp R. J. ANDERSON 


(From the Department of Chemistry, Yale University, New Haven) 
(Received for publication, May 18, 1939) 


Studies on atypical growth sponsored by The International 
Cancer Research Foundation include investigations not only of 
malignant tumors or cancer of various types in animals but also 
of abnormal growth processes in plants. The latter studies have 
dealt particularly with Phytomonas tumefaciens which is recognized 
as the causative agent of crown-galls (1). We have had an op- 
portunity to collaborate in these investigations by studying the 
chemistry of Phytomonas tumefaciens. An attempt has been 
made to separate various soluble constituents of the lyophilized 
organism in order to determine whether any of these fractions 
possesses cell-proliferating properties similar to those exhibited by 
the living bacteria. The present report deals with the extraction 
and separation of the lipids and with the chemical composition 
of the phosphatide. 

For the present work it was deemed of the utmost importance to 
cultivate the bacteria on synthetic media containing only sub- 
stances of known chemical constitution. In this way all the 
metabolic products found in the bacteria necessarily would have 
been synthesized from very simple materials by the living cells. 
It has been shown by Hendrickson, Baldwin, and Riker (2) that 
Phytomonas tumefaciens can be cultivated on synthetic media 
and that the organism retains its virulence under these conditions. 


* This work has been supported by a grant from The International 
Cancer Research Foundation. 

+ The data are taken from the dissertation submitted by Walton B. 
Geiger, Jr., to the faculty of the Graduate School, Yale University, 1938, 
in partial fulfilment of the requirements for the degree of Doctor of Phi- 
losophy. 
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Very little can be found in the literature concerning chemical 
constituents of Phytomonas tumefaciens. A substance designated 
as glucolipid was isolated by Boivin et al. (3) and recently Chargaff 
and Levine (4, 5) have published reports on the lipids of Phyto- 
monas tumefaciens and their effect on cell proliferation in plants (6). 
The bacteria studied by Chargaff and Levine had been grown on 
bean broth and gave a yield of about & per cent of total lipids and 
about 2 per cent of phosphatide. 

It will be shown below that the composition of the medium has 
a great effect, not only on the growth of the bacteria, but upon the 
amount of lipids produced and on their chemical composition. 
In our experiments with bacteria grown on synthetic media, the 
yield of lipids was much smaller than that found by the authors 
mentioned above. Bacteria grown on glycerol-containing 
medium gave only 2 per cent of total lipids, whereas on a sucrose- 
containing medium the yield was 6 per cent. 

The composition of the phosphatides indicates that the organ- 
ism elaborates a mixture of lecithin and cephalin. The cleavage 
products obtained on hydrolysis consisted of fatty acids, glye- 
erophosphoric acid, choline, and aminoethyl alcohol. The fatty 
acids consisted not only of normal saturated and unsaturated 
acids belonging to the Cys and Cys series, but what is of particular 
interest is the fact that liquid saturated fatty acids of high molec- 
ular weight were also present. Chargaff and Levine (5) found 
analogous liquid saturated fatty acids in the acetone-soluble fat 
of Phytomonas tumefaciens. The occurrence of liquid saturated 
fatty acids of high molecular weight and having a branching chain 
structure is very rare in nature. Such acids were first observed 
as components of the lipids of tubercle bacilli and other acid-fast 
bacteria (7). 

The various chemical fractions isolated in our experiments are 
being studied for biological activity on plants by Dr. A. J. Riker 
and his associates of the University of Wisconsin. The results 
will be reported separately from his laboratory. 


EXPERIMENTAL 


The Phytomonas tumefaciens were cultivated at the Biological 
Laboratories of Sharp and Dohme at Glenolden, Pennsylvania. 
Two different media having the composition shown in Table I 
were employed. 
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The formulas for the culture media were devised by Dr. A. J. 
Riker and his associates at the College of Agriculture, University 
of Wisconsin. Dr. Riker also checked the purity of the cultures 
and the pathogenicity of the various lots of bacteria. Medium 1 
was employed at first but, as it did not support a luxuriant growth 
of bacteria, Medium 2 was adopted. 

In the first series, in which Medium | was employed, the bacteria 
were cultivated in 4.5 liter bottles containing 2000 cc. of medium 
and the cultures were aerated by shaking the bottles daily. <A 
total of 821 cultures was grown at a temperature of 20-27°. The 
time of cultivation varied from 21 to 81 days. The bacteria were 
collected by centrifuging, after which the cells were washed with 


TABLE 


Composition of Media Used for Cultures of Phytomonas tumefaciens 


Medium I Medium 2 
gm gm. 
MgSO,:-7H.O 0.2 MgSO,-7H.O 0.2 
NaC] 0.3 NaC] 0.2 
CaCl, CaCl, 0.4 
K,HPO, 0.3 K»HPO, 1.0 
Ferric ammonium citrate 0.1 (NH,).SO, 7.5 
KNO, 5.0 Glutamic acid 2.5 
Glycerol 20.0 Sucrose 10.0 


Water 1000.0 Water L000 .0 


water and lyophilized. The total lyophilized material obtained 
from these cultures weighed 388 gm. 

Another lot of bacteria was grown in one large tank containing 
850 gallons of Medium 1. For aeration sterile air was forced 
through the solution twice daily. The temperature was kept at 
25-27° and the time of growth was 52 days. The yield in this 
case was 266 gm. of lyophilized cells. 

Medium 1 accordingly yielded on an average in the two series 
only about 130 mg. of lyophilized cells per liter. As obtained in 
this laboratory the cells formed a voluminous, fluffy, buff-colored 
powder. 

In the later experiments, with Medium 2, the bacteria were 
cultivated in Fernbach flasks, each flask containing 400 ce. of the 
medium, for periods varying from 5 to 8 days. The total yield of 
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lyophilized cells obtained from 600 cultures was 378 gm. The 
material was a nearly white voluminous powder. 

There was an extraordinary difference in yield of bacterial cells 
on the two media—with Medium 2 the yield was 1.575 gm. of 
lyophilized cells per liter, about 12 times more than on Medium 1. 

The bacteria were analyzed and the results are given in Table II. 

The high phosphorus and ash in the material from Medium | 
were due to the precipitation of phosphates from the medium. 

Extraction of Bacteria— <All solvents used had been freshly dis- 
tilled. The alcohol and ether were distilled over potassium 
hydroxide. Air was excluded as much as possible during the vari- 
ous operations by means of carbon dioxide or nitrogen. 

The bacteria were first extracted with a mixture of equal parts 
of aleohol and ether at room temperature for 3 days with frequent 


TABLE II 


Analyses of Lyophilized Phytomonas tumefaciens 


Medium 1 Medium 2 
per cent per cent 
Nitrogen 5.32 10.3 
Phosphorus. 4.35 2.0 
Sulfur 0.30 
Ash 27.8 6.8 


Moisture & 5.0 


shaking, 1 liter of the solvent being used for every 100 gm. of 
bacteria. Three such extractions were carried out and the cells 
were filtered off each time and washed with alcohol-ether. 

The extracts were combined and passed through a Chamberland 
filter under carbon dioxide pressure. The clear filtrate was con- 
centrated under reduced pressure nearly to dryness and the residue 
was stirred up with water and extracted thoroughly with ether. 
After the ethereal solution had been washed with water, it was 
dried over sodium sulfate, filtered, and evaporated to dryness. 
The residue was dissolved in ether and the phosphatide was 


precipitated with acetone. The phosphatides were repeatedly: 


precipitated from ethereal solution with acetone and were finally 


obtained as slightly sticky solids. 
The ether-acetone mother liquors were concentrated until the 
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ether was removed, after which the solution was cooled in ice 
water. Any insoluble matter that separated was removed and the 
solution was evaporated to dryness. The residues consisting of 
acetone-soluble fats were obtained as dark brown oils. 

Extraction with Chloroform—-The alcohol-ether-extracted cells 
were next treated with chloroform for a period of 3 days at room 
temperature with frequent shaking, after which the cells were 
filtered off and washed, first with a mixture of alcohol and ether, 
and finally with ether. 

The cell residues were dried and reserved for other experiments. 

The chloroform extract and washings were combined, filtered 
through a Chamberland filter, concentrated to a small volume 
under reduced pressure, transferred to a separatory funnel, and 
washed with water. The extract, after being dried over sodium 
sulfate, was evaporated to dryness. ‘The residue was treated with’ 
ether and the solution was filtered from a small amount of colorless 
insoluble substance of fibrous structure. 

This substance was readily soluble in chloroform but insoluble 
in ether. It has been reserved for future examination. 

The ethereal solution was concentrated to a small volume and 
separated into phosphatide and acetone-soluble fat in the manner 
mentioned above. The chloroform extract contained therefore 
mainly phosphatide and acetone-soluble fat. It is evident from 
the results obtained that Phytomonas tumefaciens does not contain 
any chloroform-soluble wax at all similar in properties to that 
obtained from acid-fast bacteria (8). 

The aqueous washings of the ethereal and chloroform extracts 
were combined and evaporated to dryness in vacuo. ‘The residue 
from the experiments with Medium 1 was a thick syrup with the 
properties of glycerol and was undoubtedly derived from the 
medium. In the case of Medium 2 the residue was a syrupy mass 
which apparently represented crude sugar that had been adsorbed 
on the bacterial cells from the medium. 

The yield of the several lipid fractions is recorded in Table IIT. 

The data in Table III show not only great differences in yield 
of lipids, but also in the distribution and degree of unsaturation. 
The bacteria grown on Medium 1 gave only 2 per cent of total 
lipids, whereas 6 per cent was obtained in the case of Medium 2. 

Examination of Bacterial Residues for Firmly Bound Lipids- 
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The bacterial residues that remained after the extractions with 
alcohol-ether and chloroform, as recorded above, were examined 
for firmly bound lipids. A small portion of the extracted cells 
was heated under a reflux to 55° for 14 hours with a mixture of 
equal parts of alcohol and ether containing 5 per cent of hydro- 
chloric acid, after which the bacteria were filtered off and washed 
with alcohol-ether. The filtrate and washings were concentrated 
in vacuo, diluted with water, and extracted with ether. The 
ethereal extract, after being washed free of acid with water, was 
dried over sodium sulfate and evaporated to dryness. ‘The residue 
was a dark brown oil which amounted to about | per cent of the 
bacteria. In view of the low yield no attempt was made to treat 
the balance of the bacterial residues in this manner, since the 


TABLE III 


Yield of Lipids from Lyophilized Phytomonas tumefaciens 
. YO] 


Medium 1 Medium 2 

Bacteria used for extraction, gm. 364 276 
Alcohol-ether-soluble lipids, 4.85 16.23 
Chloroform-soluble lipids, 2.46 0.63 
Total phosphatide, gm.. 3.21 10.90 
acetone-soluble fat, gm. 3.35 5.92 

I No. of acetone-soluble fat 66 85 
I-ther-insoluble substance, gm. 0.64 0.03 


results obtained showed that Phytomonas tumefaciens did not 
contain bound lipids similar to those found in acid-fast bacteria (9). 

Composition of Phosphatides——The phosphatide fractions ob- 
tained from the aleohol-ether extracts and from the chloroform 
extracts were identical in properties and in composition; hence the 
two fractions were united. After hydrolysis the cleavage products 
were separated, as will be described later. The results of the 
analyses are summarized in Table LV. 

Hydrolyses of the Phosphatide— The phosphatide was rubbed into 
colloidal suspension in water and sufficient sulfuric acid added to 
make 5 per cent of sulfuric acid. The resulting mixture was 
refluxed in an atmosphere of nitrogen until the coagulum which 
separated on acidification had been converted into an oily layer. 
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The hydrolysis mixture was cooled, diluted with water, and ex- 
tracted with ether. ‘The ethereal extract was washed with water, 
dried over sodium sulfate, and evaporated to dryness. The weight 
of the residue gave the total ether-soluble constituents which were 
examined, as will be described later. 

Examination of Water-Soluble Products The aqueous solution 
and washings were combined and the sulfure acid was removed 
quantitatively with barium hydroxide. The barium sulfate was 
removed and the solution was concentrated in vacuo and made up 
to a definite volume. Aliquots were analyzed for total and amino 
nitrogen. The values found showed that about one-half of the 
nitrogen Was amino nitrogen, which indicated that the phosphatide 
consisted of about equal parts of lecithin and cephalin. ‘Tests for 
reducing sugars were negative. 


IV 


Composition of Phosphatides 


Medium | Medium 2 

per cent per cent 
Phosphorus 3.48 4.07 
Nitrogen 1.38 1.61 
Totalfatty acids 63.79 63.32 
Unsaponifiable matter 1.58 6.86 


The balance of the aqueous solution was concentrated to a 
volume of 10 cc. and neutralized with barium hydroxide. <A 
slight precipitate of barium phosphate which separated was filtered 
off and discarded. The filtrate was mixed with 2 volumes of al- 
cohol,, whereupon a voluminous white amorphous. precipitate 
separated which was centrifuged off. 

The supernatant was examined, as will be described later. 

The precipitate was dissolved in a little water and the solution 
was filtered. 2 volumes of alcohol were added to the filtrate and 
the resulting precipitate was collected by centrifuging and _ re- 
precipitated in the same manner. After the final precipitate had 
been washed with dilute aleohol and with alcohol, it was dried 
wn vacuo. The dried substance was a white amorphous powder 
which was completely soluble in water. 
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For analysis the powder was dried in vacuo at 100° over de- 
hydrite. 
C;H,O.PBa-H,0(325.4). Calculated. P 9.52, Ba 42.22 


Found. Phosphatide I. ‘ 9.73, ‘‘ 42.25 


The analytical values found indicate that the substance was 
barium glycerophosphate. 

Examination of Filtrate from Barium Glycerophosphate for 
Choline and Aminoethyl Alcohol—The filtrate from the barium 
glycerophosphate was concentrated zn vacuo until the alcohol was 
removed, after which the solution was freed of barium quantita- 
tively with sulfuric acid. The barium sulfate was removed and 
the filtrate, after being neutralized with hydrochloric acid, was 
concentrated in vacuo to dryness. The residue was dissolved in 
alcohol and an excess of an alcoholic solution of platinic chloride 
was added. The precipitate was filtered off and washed with 
alcohol. 

The filtrate was examined for aminoethyl! alcohol. 

The choline platinum chloride was dissolved in a small quantity 
of warm water and brought to crystallization by the addition of 
alcohol. The crystalline double salt was analyzed after it had 
been dried in vacuo at 100° over dehydrite. 

Caleulated. Pt 31.66 


Found. Phosphatide I. * 21.20 


Isolation of Aminoethyl Alcohol—The filtrate from the choline 
platinum chloride was concentrated until the alcohol was removed, 
after which the excess of platinum was precipitated with hydrogen 
sulfide. After the platinum sulfide had been removed, the filtrate 
was concentrated in vacuo to dryness. ‘The residue was dissolved 
in a little aleohol and an alcoholic solution of picrolonie acid was 
added. ‘The solution was placed in a refrigerator and after a few 
hours the yellow crystals that had separated were filtered off, 
washed with cold alcohol, and recrystallized from alcohol. The 
crystals melted at 226° and a mixed melting point with amino- 
ethyl alcohol picrolonate, prepared from Eastman chemicals, 
showed no depression. The crystal form and melting point 
identified the substance as aminoethyl alcohol picrolonate. 
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Separation of Fatty Acids—The fatty acids which were obtained 
on evaporation of the ethereal extract, as mentioned above, were 
refluxed with 2 per cent alcoholic potassium hydroxide for 1 hour, 
after which about one-half of the aleohol was distilled off. The 
solution was diluted with water and extracted with ether. The 
ethereal extracts, on concentration to dryness, left very small 
residues which gave no coloration in the Liebermann-Burchard 
reaction, thus indicating the absence of sterols. These slight 
residues were not further examined. 

The fatty acids were isolated in the usual manner and separated 
into solid and liquid fatty acids by means of the lead salt-ether 
procedure. The iodine number of the liquid acids was determined, 


TABLE V 
Cleavage Products of Phosphatides 


Medium 1 Medium 2 

Phosphatide hydrolyzed, gm. 1.138 5.00 
Solid fatty acids, gm... | 0.059 0.138 
I No. of liquid acids. __. 3 34 76 

Reduced solid acids, gm... 0.117 2.128 
Liquid saturated acids, gm... . 0.417 0.243 
Barium glycerophosphate, gm. 0.462 0.919 
Choline chloroplatinate, 0.064 0.185 
Aminoethyl alcohol picrolonate, gm. 0.040 0.150 


after which the unsaturated fatty acids were reduced with hydro- 
gen and platinum oxide. The reduced solid acids were separated 
by repeating of the lead salt-ether procedure. 

The cleavage products isolated in the various operations enu- 
merated above are shown in Table V. 

Properties of Fatty Acids—Owing to the small amounts of acids 
available, it was not possible to identify definitely any individual 
acids. The original solid saturated acids and the reduced solid 
acids were crystallized from methyl! alcohol. Judging by melting 
points and molecular weights determined by titration, as well as 
by analyses, the acids were apparently mixtures of palmitic and 
stearic acids. 

The liquid saturated fatty acids formed lead salts that were 
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easily soluble in ether. The free acids were faintly yellowish oils 
at room temperature. The data concerning the fatty acids are 
given in Table VI. 

Both lots of phosphatide contained liquid saturated fatty acids. 
Though these acids could not be adequately purified, the results 
indicate that the acids produced on the two media are different. 
In addition to the difference in molecular weight, as shown in 
Table VI, it should be stated that the acid obtained from bacteria 
grown on Medium 1 showed a slight dextrorotation, [a], = +0.5°, 
whereas the other acid was optically inactive. 


TaBLe VI 
Properties of Fatty Acids 


Medium 1 Medium 2 


M.p. Mol. wt. M.p. Mol. wt. 

°C, 
Solid saturated acids - 54-56 288 62 262 
Reduced solid acids 65 278 69 280 
Liquid saturated acids 13 350* 1] 288 


* This fraction showed a slight dextrorotation. 
+ This fraction was optically inactive. 


We acknowledge with pleasure our indebtedness to Dr. M. W. 
S. Schram, Dr. A. J. Riker, Dr. John Reichel, and Sharp and 
Dohme, whose cooperation made this work possible. 


SUMMARY 


1. An examination has been made of the lipids from Phyto- 
monas tumefaciens grown on two synthetic media. 

2. Bacteria grown on a glycerol-containing medium yielded 
only 2 per cent of total lipids, of which about 44 per cent was 
phosphatide. 

3. Bacteria grown on a sucrose-containing medium gave 6 per 
cent of total lipids, of which about 64 per cent was phosphatide. 

4. The phosphatides consisted of about equal parts of lecithin 
and cephalin. 

5. The fatty acids of the phosphatide from bacteria grown on 
a glycerol medium consisted of small amounts of solid saturated 
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acids and unsaturated acids and a large amount of liquid saturated 
acids of high molecular weight. 

6. The fatty acids of the phosphatide from bacteria grown on a 
sucrose medium consisted of small amounts of solid saturated acids 
and liquid saturated acids and a large amount of liquid unsat- 
urated acids. 

7. The liquid saturated fatty acids elaborated on the two 
synthetic media differed in properties and composition. 
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THE CONTAMINANTS OF BLOOD PHOSPHOLIPIDS 


By HALVOR N. CHRISTENSEN 


(From the Department of Biological Chemistry, Harvard Medical School, 
Boston) 


(Received for publication, May 24, 1939) 


The present work is an attempt to determine (a) the nature of 
certain of the nitrogenous and inorganic substances associated 
with lipids in ethereal extracts of blood, and (b) what interpreta- 
tion can be placed upon their presence. Inorganic substances in 
such extracts have been thought by some to be combined with the 
lipids (Thudichum (1); Koch et al. (2, 3); Peters and Man (4)). 
The presence of chlorine has been attributed by Christensen and 
Corley (5) to an entrainment of inorganic chloride by phos- 
pholipids. Organic substances in lipid extracts have been studied 
by MacLean (6) and by Van Slyke et al. (7). We have concluded 
from our experiments that the substances, inorganic as well as 
organic, associated with lipids in ethereal extracts are to be re- 
garded as incidental contaminants. Folch and Van Slyke have 
identified the principal nitrogenous contaminant as urea, using 
urease and other urea reagents in its determination (8). We 
have also subsequently, but independently, reached the same con- 
clusion. In addition to identifying urea by urease, we have 
isolated and identified it by analysis. 


Methods 


The methods of extraction of lipids were similar to those used 
in many laboratories: plasma or serum was sprayed into 10 volumes 
of boiling alcohol-ether mixture (3:1); cells or whole blood was 
first rubbed up with an equal volume of hot alcohol, then poured 
into 9 volumes of the hot mixed solvent. After filtration and 
washing the solid residue with additional hot solvent, the extract 
was evaporated to near dryness in vacuo, dissolved in anhydrous 
ethanol, and reevaporated to dryness. The treatment with ab- 
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solute alcohol was repeated to insure the absence of water. The 
residue was extracted repeatedly with boiling purified petroleum 
ether (boiling range, 30 60°); the extract was then centrifuged in 
a sealed bottle. Analyses were carried out either upon aliquots 
of this solution, or upon the precipitate obtamed by adding 3 parts 
of anhydrous acetone. Before sampling for analysis, the precip- 
itate was redissolved in petroleum ether. 

Analytical methods used have been the following: Cl by the 
open Carius method, Na by the Butler-Tuthill technique, total 
base gravimetrically as benzidine sulfate, N by micro-hKjeldahl, 
total P by the method of Fiske and Subbarow, and urea by urease 
action, followed by aeration and nesslerization. 


Nature of “Extra N” of Blood Lipids 


Both the unfractionated lipid extract and the fraction precip- 
itated by acetone show N to P ratios (mole per mole) higher than 
could be explained by any mixtures of known phospholipids. 
Mixtures of pure phospholipids may have N to P ratios ranging 
from 1 to 2, depending upon the proportion of sphingomyelins 
present. On the basis of the sphingomyelin percentages found by 
Thannhauser and Setz (9), we have estimated the phospholipid N 
to P ratios to be roughly 1.5 in plasma and 1.3 in erythrocytes. 
The “extra N” of our extracts has been calculated from the 
difference of these N to P ratios and those found experimentally 
(Table I). All the extra N and likewise the inorganic salts ac- 
companied the phospholipids in the fractionation by acetone. 
Confirming the observations of Van Slyke et al. (7), we found that 
much of the extra N could be washed out by water extraction 
(Table I). If the shaking was vigorous and long, one extraction 
removed nearly all of the extra N (Table II). 

To determine whether the nitrogen found with the phospholipids 
in the extracts was bound with them in blood before chemical 
treatment, two series of experiments were carried out. (a) In 
one series, the N to P ratio of the phospholipid fraction was deter- 
mined before and after ultrafiltration of fresh human and horse 
plasma by the Lavietes technique (10) (Table III). The N to P 
ratios were always less in the residues after ultrafiltration, and 
they corresponded approximately to those calculated from the 
initial ratios and with the assumption that the extra N was uni- 
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formly distributed in the water of the plasma and its ultrafiltrate. 
(b) By deproteinizing horse serum with colloidal iron (Hiller and 
Van Slyke (11)), a coagulum was obtained from which phos- 


TABLE I 


N and P Analyses of Petroleum Ether Solutions of Horse Blood Phospholipids 
before and after Extraction with Water 


per cent 
1. Whole blood 5.30 3.3] 51 12 
| 4.28 2.31 68 15 
3. Erythrocytes 3.9 = ae 38 | 
4, 3.35 2.26 53 5 
5 ¥ 3.36 2.58 38 20 


* The N to P ratio of whole blood phospholipids is assumed to be 1.4, 
of erythrocytes 1.3. 

+ Approximately | volume of water was shaken with | volume of pe- 
troleum ether, except in Analysis 3, in which 2 volumes of water were used. 


TABLE II 
Distribution of Contaminants between Water (15 Ml.) and Petroleum Ether 
Extract (10 M1.) of Horse Erythrocytes 
Continuous shaking for 4 days; concentration of P in ether extract = 
0.0106 mM per ml. 


Petroleum ether Water Per cent extracted 


by water 
per mi. X_103 permi, 195 
Extra N | 3.6° 10.4 81 
Urea N 0.43 4.3 Of 
0.43 4.2 G4 
13.6 11.0 55 


14.4 10.6 52 


* Calculated from N and P analyses and on the assumption that the 
erythrocyte phospholipid N:P = 1.3 (mole per mole). 


pholipids could be extracted having N to P ratios of 1.47, 1.30, 
1.45, in three cases, indicating little if any nitrogenous contamina- 
tion. It was concluded from these experiments that the presence 
of non-phospholipid nitrogenous substances in ethereal extracts 
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containing phospholipids is a matter of chemical interest but with- 
out obvious physiological significance. 

The presence of urea in the aqueous washings of ethereal ex- 
tracts was indicated by the development of a positive biuret 
reaction after the residue was heated to 150°, and by the liberation 
of NH; by the action of urease. Urea was subsequently isolated 
from the extracts by mercuric nitrate precipitation and purified 
by recrystallization. Melting point, 133°, corrected; mixed melt- 
ing point with urea, 133°; analysis for N, 46.7 per cent. 

The presence of amino acids in the ethereal extracts of erythro- 
cytes was indicated by positive results with the ninhydrin test 


TABLE III 


Diffusibility of Extra N Determined by Ultrafiltration of Plasma 
through Cellophane 


(aleulated 


Initial N:P Water lost final N:P* Final N:P 
per cent 
Tuman plasma. 7] 2.2 2.40 
2.83 63 2.0) 2.10 
Horse serum 2 77 1.8 1.90 


* Calculated on the assumption that the N:P of serum phospholipid is 
1.5, and that the extra N is diffusible. 


and the Danielson modification of the Folin colorimetric method 
for amino acids. 


Analyses of Blood Phospholipid Fractions 


The extent to which urea, other nitrogenous compounds, and 
inorganic salts may contaminate phospholipids and the influence 
that added urea has on the amounts of the other contaminants 
are shown by the following experiments. The analyses of the 
phospholipid fraction of serum and erythrocytes of defibrinated 
horse blood are presented in Tables IV and V. Within the error 
of its estimation, all of the extra N of plasma phospholipids ap- 
peared to be urea N, while, in the erythrocytes, only 30 to 60 per 
cent of the estimated extra N was accounted for as urea N. How- 
ever, when the extra N had been augmented by increasing the urea 
concentration of the plasma, urea N accounted for only a part of 
the increment of N. The additional urea taken up by the petro- 
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leum ether appeared to have increased the solubility of other 
nitrogenous compounds, but not of inorganic salts. The addition 
of uric acid, creatinine, glycine, and glutamic acid to plasma did 


TABLE IV 
Relative Amounts of N, Cl, Na, and Total Base in Erythrocyte Phospholipids 
Referred to P As Unity 


Sample No. N ("| Na Total base 


equivalents per 


moles per mole moles per mole P moles per mole P 
3.7 2.42 2.14 6.69 
2 3.07 3.39 2.78 0.45 
3 4.0 2.85 2.85 4.56 


TABLE V 
Composition of Phospholipid Fractions of Defibrinated Horse Blood 


Phospholipid analyses 
Sum- 


P N Urea N Na N:P free 
N:P 

mg. per mM per mM mM per mM per mM per m.éq. mole mole 

mil. mil, per ml. mi, mi. mi. per ml, per per 

x 104 x10 «108 x 108 x 108 x 108 x 1A | mole mole 

‘< * 241* | 0.84 | 2.31; 1.06 | 1.38 2.75 | 1.49 
| 4.2 | 1.987) 974 13838 
131. | 0.89 | 2.28! 0.88 | 1.58 | 1.92 | 2.9 | 2.86 | 1.57 
2 " 139 §=6©0.99 3.00 1.45 | 0.90 | 1.51 | 1.76 3.03 | 1.57 
3 . 129 | 1.13 | 2.16) 0.51 | 1.52 | 1.91 1.46 
3 | 0.06 | 3.8) 1.90 | 1.82 2.54 
3 ‘“« * 386° | 0.89 | 2.90) 1.14 | 1.27 3.26 1.98 
4 136 «0.65 0.94 Trace 1.11. 1.45 | 1.45 
5 140 0.98 1.13 1.53 | 1.53 
1 Cells 3.06 17.8) 2.0 | 2.48 | 2.19 | 4.4 13.4611. 
1.66 4.2 | 0.97 | 1.44) 1.26 3.3 | 2.53 | 1.95 
6 3.07 | 9.11 1.9 | 8.62 2.96 2.34 


* Urea of plasma increased by addition of urea. 
t To 100 ml. of plasma were added 22 mg. of urie acid, 3.3 mg. of cre- 
atinine, 33 mg. of glycine, and 62 mg. of glutamic acid. 


not increase the amount of nitrogenous substances dissolved with 
the phospholipids. That the urea in these phospholipid solutions 
did not represent all that could be dissolved was shown by shaking 
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them with excess urea, whereby over 7 molecules per molecule 
of phospholipid were dissolved (Table VI). The amount of urea 


TABLE VI 
Solubility of Urea in Horse Erythrocyte Phosphatides in Petroleum Ether 
Extracts Shaken with Excess Solid Urea 


Lipoid P 0.054 mM; original N:P 3.16; urea used 200 mg. 


Volume Final N:P Urea concentration 
mi. per cent 
5 17.2 0.45 
5 0.46 
15 18.0 0.16 
20) 18.1] 0.12 


dissolved seemed to depend upon the amount of phospholipid 
present and to be independent of the volume of petroleum ether. 


DISCUSSION 


So extensive is the contamination of blood phospholipids that 
Na, K, and Cl alone may equal 40 per cent of the mass of the 
phospholipids themselves (Table IV). The amount of organic 
matter also may represent a relatively large proportion of the 
material in the phospholipid fraction. Our results indicate that 
urea may represent 5 to 10 per cent and other organic matter about 
one-fourth of the phospholipid fraction. Van Slyke and his col- 
laborators have shown that the mtrogenous contaminants may 
increase as much as 8-fold in uremia (7). These observations 
raise doubts as to the reliability of ordinary oxidimetric procedures 
for determining phospholipids unless steps are taken to avoid the 
presence of contaminants, particularly in uremic conditions. The 
use of several aqueous washings of the petroleum, ether solutions 
of blood lipids before precipitation with acetone decreases the 
error from this source. 

The dissolving power of anhydrous petroleum ether solutions of 
phospholipids for alkali halides and urea, substances not detectably 
soluble in pure petroleum ether, remains unexplained. The 
solubility of these substances to an extent of | to 2 per cent in 
petroleum ether solutions of phospholipids does not appear to be 
accounted for either by evidence of chemical combination or by 
evidence of altered dielectric properties of the solvent (12). 
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SUMMARY 


Analyses of the acetone-precipitable lipids of erythrocytes and 
plasma are reported. I:vidence has been presented that contam)- 
nation of lipids results from a non-specific entrainment of numerous 
inorganic and organic constituents of blood, dependent upon their 
solubility in petroleum ether solutions of phospholipids, especially 
in the presence of each other. 

In agreement with Foleh and Van Slyke, urea determined with 
urease has been identified as the chief nitrogenous contaminant 
of plasma phospholipids. The identification has, furthermore, 
been confirmed by isolation of the urea in crystalline form. 


The author is indebted to Professor A. Baird Hastings for 
direction in carrying out this research. 
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NITROGENOUS CONTAMINANTS IN PETROLEUM ETHER 
EXTRACTS OF PLASMA LIPIDS 


By JORDI FOLCH ann DONALD D. VAN SLYKE 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, May 31, 1939) 


The present paper reports part of work that has been carried on 
during the past 3 years to improve methods for isolating and 
analyzing the blood lipids.! Christensen (4) in Hastings’ labora- 
tory (personal communication) has obtained results, with regard 
to nitrogenous contaminants of the petroleum ether-soluble lipids, 
that coincide with ours. It has accordingly seemed desirable 
that the mutually confirmatory data on this point shall be pre- 
sented simultaneously. 

In separating the lipids from blood or plasma the technique 
used in most modern analyses is to extract the lipids by mixing 
the blood with a large volume of a water-miscible fat solvent, such 
as alcohol or alcohol-ether (e.g. Bloor (2)). The proteins are 
precipitated and a solution is obtained which contains all the 
lipids, but also varying amounts of non-lipid extractives, such as 
urea, glucose, amino acids, and inorganic salts. To separate the 
lipids from these contaminants the solvents are evaporated or 
distilled away, and the residue is extracted with a solvent chosen 
to dissolve the fats without the water-soluble extractives. As 
specific fat solvent petroleum ether is most widely used. 

Evidence has accumulated, however, that petroleum ether thus 
applied dissolves some non-lipid, nitrogenous substances. The 
only nitrogenous lipids known to be present are the phosphatides, 


‘In a preliminary communication (6) certain inadequacies of blood lipid 
purification by resolution in petroleum ether have been indicated, and a 
procedure proposed for plasma lipids in which they are separated from 
water-soluble extractives by precipitation with colloidal iron, the lipids 
being recovered from the precipitate by resolution in alcohol and ether. 
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lecithin, cephalin, and sphingomyelin. The N:P atomic. ratio 
in cephalin and lecithin is 1, and in sphingomyelin it is 2. If 
only nitrogen from these phosphatides were present, the N:P 
ratio in the petroleum ether solution should be about 1.5 or less. 
On the contrary, the ratio has been found often much higher. 
(Shannon and Collinson (3) found it between 1.4 and 4 in extracts 
from normal ox plasma. (These authors used ethyl ether instead 
of petroleum ether as the specific fat solvent.) Page, Pasternak, 
and Burt (12) reported petroleum ether-soluble material from 
normal plasmas with a mean N:P ratio of 3. When the phos- 
phatides were precipitated with acetone, 45 per cent of the nitrogen 
remained in solution. Page, Kirk, ef al. (10) found in the petro- 
leum ether-soluble material from the plasmas of 67 normal men 
N:P ratios from 1.5 to 5, with an average of 3.4. Page, Kirk, 
and Van Slyke (11) found that in petroleum ether extracts from 
uremic blood the N:P ratio was still higher, in one case reaching 
18. Van Slyke, Page, Kirk, and Farr (18) found that a large part 
of the non-phosphatide nitrogen of the petroleum ether extracts 
of plasma apparently consisted of water-soluble extractives, since 
it could be removed by washing the petroleum ether solutions 
with water. 

Previous studies from this laboratory (11, 18) showing highest 
N:P ratios in petroleum ether extracts from uremic blood indi- 
cated the possibility that some of the nitrogenous retention prod- 
ucts might be entrained with the lipids. Since the most abundant 
of these products is urea, we have analyzed petroleum ether ex- 
tracts for this substance by the urease method, and have found 
that most of the non-phosphatide nitrogen was in the form of 
urea. Smaller amounts of amino acid nitrogen were also identified 
by the gasometric carboxyl method of Van Slyke and Dillon (16). 
The present report is limited to the part played by urea. 

Both urea and amino acids are considered insoluble in petroleum 
ether; and in working out their gasometric fat methods Kirk, Page, 
and Van Slyke tested and confirmed this insolubility (8). Further 
tests of urea are reported in this paper with a highly sensitive 
technique; it again failed to indicate a measurable solubility in 
petroleum ether. 

It is evident that some of the plasma lipids in petroleum ether 
extracts must lend to this solvent an ability to dissolve urea which 
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petroleum ether by itself does not have. We have not attempted 
to identify the lipids that have this effect, but observations in the 
literature make it appear possible that the phosphatides may be 
responsible. Carnitine, though insoluble in ethyl ether, dissolves 
in ether solutions of lecithin (9). In some cases the solvent action 
of the phosphatides is so striking that the existence of defined 
chemical compounds has been suggested. ‘‘Jecorin’”’ (5) and the 
lecithin-glucose complexes prepared by Bing (1) are examples. 
The phenomenon by which minute concentrations of lipids, 
probably phosphatides, make petroleum ether dissolve such a 
substance as urea lacks, however, at the moment a satisfactorily 
proved explanation. 


EXPERIMENTAL 


Analytical Methods Microgasometric methods were used for 
determination of total nitrogen (13, 17), phosphorus (7), and urea 
by urease (14). The results by the urease method were in some 
eases checked by the hypobromite method (15, 17), with approxi- 
mate agreement. Since the urease procedure is the more specific, 
however, only results obtained with it are given. 

Preparation of Lipid Extracts--The alcohol, ether, and petro- 
leum ether used were treated according to Bloor (2). They con- 
tained no non-volatile P, N, or C, and left no residue on evapora- 
tion. 

The aleohol-ether extracts were made at room temperature by 
successive addition of water, alcohol, and ether. As will be shown 
in a subsequent publication, this procedure gives as complete 
extraction as Bloor’s (2) extraction with boiling alcohol-ether. 
1 volume of plasma is measured into a flask calibrated to hold 20 
volumes. 1 volume of water is then added, followed by 9 volumes 
of absolute alcohol and then by sufficient ethyl ether to fill the 
flask to the mark. The alcohol and ether are added in portions, 
with shaking of the flask. 

Measured volumes of the aleohol-ether extracts were taken to 
dryness by distillation under reduced pressure in glass-stoppered 
distillation flasks, which were in a bath at 40° or a lower tempera- 
ture. The dry residue in the distillation flask was extracted with 
three successive portions of petroleum ether, the combined volume 
of the three portions being equal to the volume of the aleohol- 


| | 
4 
| 
| 
i 


542 Contaminants of Plasma Lipids 


ether extract taken. Each portion was warmed to boiling with 
the residue, and then was filtered into a measuring flask, holding 
20 times the volume of the plasma sample, through a sintered glass 
filter, as shown in Fig. 5 of the paper by Kirk, Page, and Van 
Slyke (8). Aliquot portions of this petroleum ether extract were 
used for estimation of total nitrogen, total phosphorus, and urea. 

Estimation of Urea in Petroleum Ether Extracts—Duplicate 
portions of extract were taken, each sufficient to contain at least 
0.3 mg. of total nitrogen. They were measured into beakers, and 
the petroleum ether was boiled off on a steam bath after addition 
of a few granules of alundum to prevent bumping.? To assure 
removal of the last traces of solvent from the residue a few drops 
of water were twice added and evaporated. Finally the residue 
was taken up in 5 ec. of water, in which it formed a stable suspen- 
sion. Samples of 3 cc. were taken for estimation of urea by the 
gasometric urease method (14). Duplicates regularly checked 
within 1 per cent. 

The results are given in Table I. In the petroleum ether ex- 
tracts analyzed from 37 to 82 per cent of the N was in the form of 
urea. If one assumes that the phosphatide mixtures had an 
atomic N:P ratio between | and 1.5, one deduces from comparison 
of the last two columns in Table I that subtraction of the urea 
nitrogen removes most, but not usually all, of the non-phosphatide 
nitrogen. 

Solubility of Urea in Petroleum Ether—About 1 gm. of urea was 
suspended in 100 ec. of petroleum ether, and the latter was boiled 
and filtered while still hot. The solvent was evaporated in a 
beaker, as described in the preceding section. There was no 
visible residue. The beaker was rinsed with water and the entire 
rinsing used for urea determination by urease. No urea could be 
measured. The analyses gave exactly the same readings as the 
blanks. Repetition of the experiment with final analysis by the 


2 Alundum No. 14 of the Norton Company has been found satisfactory. 
It is used in granules 1 or 2 mm. long. To free it from C, P, and N es- 
timable by Kjeldahl analysis, the granules are placed in a beaker in a layer 
1 or 2 cm. deep, and are covered with a 1:1 mixture of H.SO, and HNQOs, 
which is heated to a gentle boil. Boiling with occasional stirring is con- 
tinued until all the HNO; has been driven off. The alundum is rinsed 
liberally with distilled water until free from sulfuric acid, dried in an 
oven, and kept in a glass-covered vessel. 
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hypobromite method gave the same result. By either method a 
gas pressure of 1 mm., with the gas at 0.5 cc. volume, indicates 
about 0.8 microgram of urea nitrogen: in these experiments it 
would have been equivalent to a solubility of 8 micrograms of 
urea nitrogen per liter of petroleum ether. If 5 mm. is taken as 
the greatest possible error of the analysis, urea dissolved under 
the conditions for making the petroleum ether extracts of plasma 
lipids is estimated at certainly less than 0.04 mg. of nitrogen per 
liter of petroleum ether. 


TABLE | 
Presence of Urea in Petroleum Ether Extracts of Human Plasma Lipids 


In petroleum ether extract 


| Zz. 
we | Urea g Condition of plasma donor 
Total | Total | Urea | Nin 
N 


t 
plasma plasma plasma | 
9 | 95.8) 326 | 232 | 71 | 7.5 | 2 
10 | 93.6 | 456 | 376 | 82 | 10.8 | 1. 
11 | 87.8; 503 | 282 | SB | 12.5 3. 


 Uremie 


13 587.8 | 391 | 145 | 37 1.6 
14 | 70.0; 113 | 56 | 5O 3.6 
156 | 81.0; 121 | 43 3.3 


Hodgkin’s disease 
Normal 


| 
.6 Essential hypertension 
0 


The carbon contents of the extracts will be found in Table III. 

In contrast to the negligible urea-dissolving effect of pure petro- 
leum ether, the petroleum ether plus the plasma lipids in the 
experiments of Table I dissolved from 2 to 19 mg. of urea N per 
liter. It is evident that the solution of measurable amounts of 
urea in the petroleum ether extracts is due entirely to the solvent 
effect of the lipids on the urea. 

Effects of Washing Petroleum Ether Extracts with Water— 
Aliquots from four of the petroleum ether extracts reported in 
Table I were shaken each with an equal volume of water. Emul- 
sions resulted, and the mixtures were let stand overnight before 
analysis. They were then to a large degree, but not entirely, 
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separated into two layers. The petroleum ether layer was clear, 


but the aqueous layer showed a cloudiness which was greatest near 


the interface. 

Nitrogen and phosphorus were estimated in the clear petroleum 
ether solution and in the less cloudy part of the aqueous phase. 
The results are given in Table II. 


It appears from the N:P ratios in the washed petroleum ether 


that all or nearly all of the non-phosphatide nitrogen passed into 
the water. The N:P ratios are in each case lower than the non- 
urea N:P ratio for the same plasma extract in the last column of 
Table I. It appears therefore that, besides urea, the water re- 
moved smaller amounts of other water-soluble extractives. 


TABLE II 
Distribution of Nitrogen and Phosphorus between Petroleum Ether 
Extracts and Water Washings Therefrom 

Original petroleum ether Washed petroleum ether 


Plasma extract extract 


Wash water 


Total N Total P N:P Total N Total P N:P Total N. Total P 


mg. mg. mag. mg. mg. mg. 
per per l, per per l. per l. per l. 
plasma plasma plasma plasma plasma plasma 
326 95.8 7.50 25.4 259 
10 456 93.6 10.8 o1.6 69.5 1.64 319 3.1 
1] 503 87.8 12.8 31.0 43.7 1.57 480 13.4 
14 390 537 5 1.61 233 .5 517.5 1.00 132 19.8 


A small part of the phosphorus of the petroleum ether extract 
also passes into the water. In Plasmas 10 and 14 it was only 
3 to 4 per cent of the total P, but in Plasma 11 it was 15 per cent. 

Addition of the P and N in the washed petroleum ether to the 
P and N in the wash water gives for some of the values sums which 
fall below the total P and N of the original solution by more than 
any possible analytical error. The discrepancies are presumably 
due to the fact that the aqueous phase was not homogeneous, and 
that the more cloudy part which was not analyzed was probably 
richer in lipids than the relatively clear part taken for analysis. 
The discrepancies are not of a magnitude to affect the conclusions 
in the preceding paragraphs. 

Magnitude of Error Caused by Entrained Urea in Gasometric 
Analyses of Plasma Lipids—-The introduction of the gasometric 
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lipid methods (8), including determination of the total N and N Ha, 
offered the theoretical possibility of estimating the cephalin from 
the NH», and the proportions of diamino- and monoaminophos- 
phatides from the N:P ratio, if the lipids could be separated 
completely from other nitrogenous and phosphorus-containing 
substances. Because of uncertainty of the nature of the nitrogen 
in the petroleum ether extracts, however, such calculations have 
not been attempted (10, 11), and no corrections to conclusions in the 
literature are required for the effect of the entrained urea nitrogen. 

The carbon of the urea in the petroleum ether extracts is, how- 


TABLE III 


Proportion of Total Petroleum Ether-Soluble Carbon in Form of Urea 


In petroleum ether extract 


Plasma No. 


Total C Urea 
gm. per l, plasma gm. perl, plasma per cent 

0.099 1.23" 
10 0.161 1.88* 
11 0.121 1. 56* 
12 4.42 0.017 0.35 
13 19.44 0.062 0.32 
14 5.39 0). 024 0.45 
15 3.45 0.022 0.64 


* Piasma from a uremic donor: see Table I. 


ever, added to the total lipid carbon, and, when the different lipid 
fractions are estimated, it is added to the “‘neutral fat’’ fraction. 
The data in Table III indicate that the proportion of entrained 
urea carbon in the total carbon of the petroleum ether extract is 
small. In the petroleum ether extracts from non-uremic plasmas 
the urea carbon was only 0.3 to 0.6 per cent of the total carbon. 
In the extracts from uremic plasmas the urea carbon was 1.6 to 1.9 
per cent of the total. ven in analyses of uremic plasmas the effect 
of the urea carbon is not enough to be significant in any of the 
problems to which the methods for lipid determination by gaso- 
metric carbon analyses have been applied. 


SUMMARY 


Urea, determined with urease, was found to represent from 37 
to 82 per cent of the nitrogen in petroleum ether extracts of lipids 
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from a series of normal and uremic human plasmas. Urea ac- 
counted for most, but not all, of the non-phosphatide nitrogen in 
the extracts. 

Shaking petroleum ether extracts once with equal volumes of 
water removed nearly all of the non-phosphatide nitrogen, and 
lowered the N:P atomic ratio in the petroleum ether from 3 to 12 
to 1.0 to 1.6. 

The insolubility of urea in petroleum ether is confirmed. The 
dissolving of urea in petroleum ether during reextraction of dry 
plasma lipid residues is attributable to the solvent effect of the 
lipids. They carry the urea, and smaller amounts of other water- 
soluble extractives, into solution in the petroleum ether. 

~The amounts of urea carbon entrained with the lipids in petro- 
leum ether extracts are not sufficient to affect significantly total 
lipid values determined by the gasometric carbon method. 
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THE DISTRIBUTION OF BROMIDE AND CHLORIDE IN 
TISSUES AND BODY FLUIDS 
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A review of the literature dealing with the distribution of bro- 
mides between the blood and various body fluids and tissues, after 
bromide administration, reveals a wide variety of experimental 
results. (a) The distribution ratio of Br~ between red blood cells 
and serum has been reported as lower (1), the same as (2), and 
higher (3) than the corresponding Cl~ ratio. (6) It has been 
claimed (4) and denied (5) that the kidneys preferentially excrete 
Cl- over Br-. (c) Many workers have reported that certain 
tissues can concentrate bromide to an extent greater than the blood 
bromide concentration. There is no agreement, however, as to 
which tissues do this. The intestine (6), striated muscle (7), and 
brain (8) have been implicated. Still other workers have found no 
evidence of any “tissue affinity”’ for bromide. (d) Only in the 
demonstration that a barrier exists to the free passage of Br~ into 
the spinal fluid does there seem to be agreement among reported 
results. 

The present investigation was undertaken with the purpose of 
(a) reconciling, if possible, the discrepancies of past work, and (6) 
presenting quantitative data on the proportion of halide-contain- 
ing fluid of various tissues. An excellent study of bromide distri- 
bution in tissues and body fluids carried out independently has 
been reported by Wallace and Brodie (9). Our results are in 
agreement with theirs. In addition, we shall present the results 
of the injection of large amounts of bromide-containing isotonic 
salt solutions on the extracellular fluid of muscle and skin. 
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EXPERIMENTAL 


‘Two types of experiments were carried out: (@) Those in which 
NaBr was administered by mouth, following which various body 
fluids and tissues were analyzed for their chloride, bromide, and 
water contents. The serum pH and tissue fats were also deter- 
mined. (6b) Those in which isotonic solutions containing sodium 
bromide were injected intravenously. Analyses of blood, striated 
muscle, and skin were made before and after the injection of the 
sodium bromide solution. 

The experiments were carried out on dogs which were under 
barbital anesthesia during all operative procedures. Samples of 
blood and tissue were obtained and prepared for analysis according 
to the methods deseribed by Hastings and Eichelberger (10). 

The water content of the fluids and tissues was determined by 
drying weighed quantities at 105°. Tissue determinations were 
made in quadruplicate, fluid determinations in duplicate. 

Serum pH was determined by the colorimetric method of Hast- 
ings and Sendroy (11). ‘Total tissue fat was determined according 
to the procedure described by Hastings and Eichelberger (10). 

Determination of Bromide--Examination of the reasons for the 
discrepancies in results encountered in the literature led us to 
believe that the methods employed were sometimes at fault. 
The electrotitrimetric method, applied by Hastings and van Dyke 
to blood serum and cells, was found to be inaccurate when the 
bromide content was low. This was due to the fact that they 
used tungstic acid filtrates of cells which contained organic mate- 
rial capable of reacting with silver. A method was, therefore, 
developed for obtaining tissue chlorides and bromides in a solu- 
tion free from organic material. In principle, the method consists 
of (a) formation of the silver salts of chloride and bromide and 
oxidation of the organic material; (6b) decomposition of the silver 
salts and their distillation; (c) electrometric titration of Br-; 
(d) determination of total halide and hence the chloride by differ- 
ence. 

The halides of the dried fat-extracted tissue (approximately 
0.4 gm.), obtained after the determination of water and fat, were 
converted into their silver salts by digestion with excess silver 
nitrate and nitric acid according to the recommendations of 
Sunderman and Williams for analysis of dried tissues (12). The 
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mixture of AgCl and AgBr formed was allowed to settle to the bot- 
tom of the Pyrex tube in which digestion was carried out and the 
supernatant liquid was pipetted off, with a fine tipped pipette. 
The precipitate was washed with distilled water until the wash 
solution was silver-free. Three washings were found to be ade- 
quate. 

The apparatus used in the decomposition of the silver halides, 
shown in Fig. 1, is modified after Bell and Doisy (13), and so 
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Fic. 1. Distilling apparatus employed in the decomposition of silver 
halides. A, Pyrex digestion tube; B, connecting tube; C, absorbing vessel; 
D, glass reducer held fixed by rubber tubing (dotted lines); FE, safety 
bottle; F, valve for controlling suction centrally. 


constructed that the halogens and halogen acids formed when the 
AgCl and AgBr are decomposed are drawn by suction through the 
absorbing vessels without having come into contact with organic 
material. 

The washed silver halides were decomposed in the original 
digestion tube by adding 0.1 gm. of MnO, and 3 ce. of concentrated 
H»SO,. The digestion tube was then attached to the distilling 
apparatus, and the mixture was maintained at its boiling point 
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for 30 to 40 minutes. The halogens liberated are absorbed in a 
receiving vessel containing 15 ec. of 0.1 N NaoSO; in 4 N NaOH. 
In the course of the reaction, some Cl, and Bry are formed together 
with HCl and HBr. ‘The free halogens are reduced principally 
by the SO, liberated from the HeSQO, and to a lesser extent by the 
NaeSO; in the receiving mixture. 

When the distillation was complete, the contents of the receiv- 
ing vessels were quantitatively washed into 125 cc. Erlenmeyer 
flasks, neutralized with clear, concentrated HNOs3, methyl orange 
being used as indicator, and treated with a hot saturated solution 
of Ba(NQO3). to remove SO," which was found to decrease the 
sharpness of the bromide end-point. 

The solution was then made up to 100 cc. in a volumetric flask 
and filtered. 50 cc. of the clear filtrate solution were used for the 
electrometric titration of the bromide. From this point, the 
procedure described by Hastings and van Dyke was followed, 
save that the titration was only carried to the bromide end-point. 

Determination of Chloride—To the mixture remaining in the 
digestion tube after decomposition of the silver halides, 3 cc. of 
distilled water were cautiously added, and, if the solution was 
pink, a drop or two of K,C.O,. The solution was now either water- 
clear or slightly opaque owing to the limited solubility of MnSO,. 
3 cc. of 10 per cent ferric alum solution were added and the silver 
ion (representing total halide concentration) was titrated with 
standard NH,SCN (approximately 0.02 N). 

Chlorides were determined as the difference [total halide] — 
[bromide]. 

Determinations on body fluids for Cl and Br were made in 
triplicate; on tissues, determinations were made in quadruplicate. 

When known amounts of bromide were added to tissues and 
body fluids, it was found that a slight end-point correction was 
necessary to yield correct results. The magnitude of these bro- 
mide corrections is given in Table I. ‘Total halide recovery in 
tissues and body fluids was satisfactory without correction. 


Results 


Distribution of Bromide and Chloride in Blood—<Although bro- 
mide added to blood in vitro is distributed between serum and cells 
in a quantitatively predictable manner (Hastings and van Dyke 
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(14)), it has been reported that bromide, given by mouth, is some- 
times concentrated to a surprising degree in the red blood cells 
(van Dyke and Hastings (3)). These observations have been 
confirmed by Mishkis (15) using the same analytical procedure. 
Mason, using ashed samples instead of tungstic acid filtrates, 
found bromide ratios which are only slightly higher than the cor- 
responding chloride ratios (16). 

Experiments were, therefore, carried out to reexamine this 
question (Table II). It was found that the bromide distribution 
ratio between serum and cells was 6 per cent higher than the cor- 


TABLE [| 
End-Point Corrections in Bromide Titrations 


0.01 n AgNOs 
Calculated Found 
Body fluids with added NaBr 
1 0.501 0.484 +0.017 
2 1.003 1.008 —0.005 
3 1.505 1.545 —0.040 
4 2.006 2.040 —0.034 
5 2.507 2.575 —0.068 
Tissues with added NaBr 
0.50 | 0.37 | +0.13 
2 1.00 0.92 | +0.08 
3 1.50 1.44 +0.06 
4 2.00 


1.87 +0.13 


responding chloride ratio. This agrees with the observations 
made by Mason. The results previously reported by van Dyke 
and Hastings are probably incorrect and were due to the use of a 
tungstie acid filtrate instead of ashed material. 

Distribution of Bromide between Serum and Peritoneal Fluid— 
Sufficient peritoneal fluid was obtained from two dogs after sodium 
bromide administration by mouth to permit the comparison of the 
bromide concentration therein with that of the serum. The ratios 
of the bromide concentrations were also compared with the 
chloride ratios (Table III). Within the limits of experimental 
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error, the chloride and bromide ratios agreed in magnitude. It 1s 
of interest that the ratios averaged 1.03 instead of 0.95, which one 
would expect to find at equilibrium between serum and a protein- 
free ultrafiltrate. The peritoneal fluid in our experiments con- 
tained approximately 3 per cent of protein. 


TABLE II 


Distribution of Bromide and Chloride in Blood at Varying Times 
Following Sodium Bromide Administration 


Time since Method of NaBr 


Dog oH, [Cl]. (Br-} ast dose 


No. [(Cl-], | (Br-}, of NaBr administration 
mM ni M mM iM 
per kg. perkg. perkg. per kg. 
HO HO HO 
6 | 7.3¢@| 74.0 | 58.2; 55.2: 45.6 | 0.79 | 0.83 20 hrs. Orally 
7.36 70.3 55.7 51.8 40.5 0.80 0.78 3 days 
7.38; 85.8 | 56.5 38.9 27.5 0.66, 0.710, 9 
7.52; 93.5 | 63.3; 30.3, 22.6 | 0.68 | 0.750: 15 
7 | €.42100.1 | 69.4 23.1 16.9 | 0.69 | 0.73 20 hrs. 
| 7.42) 91.8 | 71.3 34.2) 27.1 | 0.79 | 0.78 | 22 days 
7.39) 91.7 | 64.2; 24.6 17.6 | 0.70 | 0.72 
10 | 7.36) 91.0 | 34.2; 26.6 | 0.73 | 0.78 
8 7.45 94.8 62.5 30.3 22.6 0.66 0.750 O.Shr.  Intravenously 
13 | 7.34 76.5 | 55.1, 45.4 36.2 | 0.72 0.80 | 0.6 . 


TABLE III 


Distribution of Chloride and Bromide between Serum and Peritoneal Fluid 


[Bros 
mM perkg. mM per kg. mM per kg. mM per 
H of HO 
6 93.5 30.3 29.5 1.03 1.03 
12 85.9 83.5 34.7 34.9 1.04 0.99 


Distribution of Bromide between Serum and Cerebrospinal Fluid— 
In view of the accurate observations previously made on the 
distribution of bromide between serum and cerebrospinal fluid 
(15-17), only two such experiments are reported here (Table IV). 
In agreement with the above authors, it was found that the con- 
centration of bromide in the cerebrospinal fluid is appreciably less 
than one would expect on the basis of the total halide distribution. 
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Distribution of Bromide between Serum and Tissues. Bromide 
Given by Mouth—The results of comparing the bromide distribu- 
tion in different tissues following sodium bromide administration 
by mouth are given in Table V. The analytical results have been 
expressed in terms of units per kilo of fat-free tissue. From these 
have been calculated the percentage replacement of chloride by 
bromide and the extracellular fluid of the tissues in gm. per kilo 
of tissue. | 

The conclusion reached from an examination of these data is 
that none of the tissues examined can be regarded as having a 
special preferential affinity for bromide rather than chloride. In- 
deed, except for the brain and the spinal fluid, there is good agree- 
ment among the different tissues and blood plasma in the degree 
to which the chloride has been replaced by bromide. 


TABLE IV 


Distribution of Chloride and Bromide between Serum and Spinal Fluid 


[CT [BrvJs 


Dog No. [Cl-]e [(Cl-]s.t. [Bros [Br ]s.f. (Br-le.¢. 
mM per kg. mM perkg. mM per kg. mM per kg, 
HO HO 
1] 77.4 95.5 43.7 36.7 0.5] 1.19 


12 85.9 103.7 34.7 28 .0 0.83 1.24 


Assuming that the halides are similarly distributed throughout 
the body, and that the halide ions are confined to the extracellular 
phase of tissues, the relative proportion of extracellular fluid in the 
different tissues has been estimated from both the chloride and 
bromide data. The method of calculation has been thoroughly 
described by Hastings and Eichelberger, and will not be repeated 
here, 

It was found that there was agreement between the amounts of 
extracellular fluid per kilo of tissue calculated, on the one hand, 
from chloride data and, on the other, from bromide data. From 
these observations, it may be concluded that bromide may be 
substituted for chloride to estimate the proportion of extracellular 
fluid in tissues. A method for the determination of total extra- 
cellular fluids, based on the administration of bromide, has recently 
been successfully developed by Brodie, Leshin, and Brand (18). 
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TABLE V 
Distribution of Chloride and Bromide between Blood and Tissues Following 
Oral Administration of Sodium Bromide 


Per 


Extracellular fluid = cent re 
Dog calculated from place- 
Sample H2O [Cl] | [Br-] ment, 
No. — [Br-]. 
(Cl-] | (Br-] 
gm. mM mM gm, gm. gm. 

per kg. perkg. perkg. perkg. perkg. perkg. | 
6 Serum (pH 7.52) 923.0 86.3 27.8 24.5 
Red blood cells 674.0 42.7 15.2 26.3 
_ Peritoneal fluid 961.4 87.2 28.3 | 24.5 
| Striated muscle 768 .5| 14.5; 4.5) 147 | 141 | 146 | 23.7 
Whole stomach 802.2) 52.1| 20.9| 530 656 561 | 28.6 
Duodenum 792.5; 35.8) 12.1 364 | 379 | 369 | 25.2 
9 Serum (pH 7.39) 911.8 83.6 22.4 a1 .3 
Red blood cells 646.2 41.5 11.3 221.5 
Striated muscle 770.6 15.2 4.2 31.7 
Smooth (stomach) muscle 798.7 40.6 12.5 421 483 435 23.5 
1788.2 42.2 11.9 437 | 460 444 | 22.0 
Mucosa (stomach) 777.6 50.4 14.4 522 | 556 531 | 22.2 
10 Serum (pH 7.36) 919.9 83.7 31.4 27.6 
Red blood cells 663.9 43.9 17.7 28.7 
Striated muscle 753.3, 11.4. 5.9) 118 | 164 132 | 34.0 
Smooth (stomach) muscle 782.2 43.7 19.4 456 539 480 30.7 
Mucosa“ 734.3) 50.1) 23.3, 523 | 647 | 559 | 31.7 
11 Serum (pH 7.36) 920.5 71.2 40.2 36.0 
Spinal fluid 987.0 94.3 36.2 27.7 
Liver 761.4) 31.1| 17.3, 375 | 376 | 375 | 35.7 
~Duodenum 790.1 29.6 16.0 363 348 | 358 35.1 
Skin 726.1 50.3 31.0 618 674 640 | 38.2 
Kidney 791.4 35.8 19.1 440 415 432 34.8 
_ Bone 256.0 22.2 13.3 273 289 280 $37.7 
- Cerebrum 856.2 27.6 9.6 339 209 243 25.8 
12 Serum (pH 7.17) 905.2 77.8 31.4 28.5 
Peritoneal fluid 958.0 80.8 33.4 
Spinal fluid 987.4 102.4 26.8 21.5 
Striated muscle 768.7 14.7 6.6 163 181 168 31.9 
_ Kidney 784.3 45.7 17.8 511 487 502 28.0 
- Duodenum 793.1 32.0 13.7 357 375 361 30.0 
Skin 713.9 53.4 20.9 596 572 588 28.1 


Liver 696.3 23.7 10.0 265 274 266 
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TABLE VI 
Distribution of Chloride and Bromide between Blood and Tissues Following 
Intravenous Injection of Isotonic Solutions Containing NaBr 

Dog 13, weight 16 kilos, injected with 2000 ec. of 129 mm NaBr + 25 mm 
NaHCO;; Dog 17, weight 9.6 kilos, injected with 1500 ec. of 144 mm NaBr + 
10 mM HC!; Dog 18, weight 9.6 kilos, injected with 1600 cc. of 142 mm NaBr 
+ 12mm HCI; Dog 15, weight 18 kilos, injected with 2300 cc. of 114 mM 
NaBr + 40 mm NaHCO;; Dog 16, weight 21 kilos, injected with 3400 ec. of 
114 mM NaBr + 40 mm 


Extracellular fluid 


calculated from oT 
Sample H20 | (Cl) | 
gm, per mM per mM per gm. per gm. per gm. per 
| kg. | kg. kg. kg. kg. : kg. 
13 Control | 


Serum (pH 7.40) 915.4 108.7 

Striated muscle 771.3 19.73 
Final | 

Serum (pH 7.34) 938.4 71.8 | 42.6. 


Striated muscle 780.1 13.2) 
17 Control | | | 
Serum (pH 7.38) 925.8 110.6 
Striated muscle | 764.4 23.2 
Skin 682.7 83.8 

Final | | 
Serum (pH 7.31) 944.0 79.0 33.7 
Striated muscle 19.0 6.3 
Skin | 727.5 63.9 | 25.5 

18 Control | | | | 
Serum (pH 7.32) 918.0 108.7 
Striated muscle 763.9 23.3 
| Skin 709.4 88.3 
| Final | | 
Serum (pH 7.19) 944.0 71.7. 49.1 
Striated muscle 771.1, 14.9 9.4 
Skin 741.4 59.4 39.7 
15 Control | | 
Serum (pH 7.37) | 919.0111.0 
Striated muscle 770.5 29.5. 
Skin 683.4 90.8 
Final | | 
Serum (pH 7.45) 937.7 75.1 32.6 
Striated muscle 790.5) 22.7 | 7.7 | 
Skin | 745.2; 56.7 | 23.3 
555 
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37 .2 
164 166 165 37.4 : 
IN] 
654 
30.1 
214 166 203 25. ] 
718 670 712 OR 5 
159 | 
708 
40.6 
186 | 172 | 181 | 38.7 | 
742 726 738 40.0 ; 
232 
714 
30.2 
210 252 25.5 
673 636 662 29.1] 
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TABLE VI— Concluded | 


Extracellular fluid = 
calculated from = 
$+ 
gm, per mM per mM per gm. per gm. per gm, per 
kg. kg. kg. kg. Ay. kg. 
16 Control 
Serum (pH 7.31) | 924.0110.5 
Striated muscle | 788.2 25.8 203 
Skin 732.8 33.1 654 
Final | 
Serum (pH 7.40) 937.5 69.1 | 40.3 36.8 
Striated muscle 790.5 16.8 | 8.1; 217 177 206 | 32.5 
Skin | 764.5) 52.8 | 28.7 . 680 626 664 35.2 


Whether or not some tissue cells, as, for example, those of the 
stomach mucosa, are permeable to bromide as well as chloride 
ions is, of course, not answered by these observations. 

Bromide Injected Intravenously—A series of experiments was 
earried out in which large quantities of isotonic solutions con- 
taining sodium bromide were injected intravenously. After a 
period of 45 to 60 minutes following the completion of injection 
to permit the establishment of equilibrium, blood and tissues were 
removed for analysis. (Control samples of tissue and blood were 
taken prior to the injection of the bromide solution.) The solu- 
tions injected were of three kinds: (a) those which contained 
25 mm of NaHCO; in order to minimize alterations in the acid- 
base balance; (6) those which contained HC] in order to favor the 
production of an acidosis; and (c) those which contained 40 mm 
of NaHCO, in order to favor the production of an alkalosis. It 
should be said that the acid-base changes, as measured by the pH 
of the blood, were not large in any experiment. Illustrative 
experiments are listed in Table VI. 

The principal point of interest in these experiments centers 
around the calculated values for extracellular fluid. The injection 
of the salt solutions resulted in an increase in the proportion of 
extracellular fluid in the striated muscle and skin as calculated 
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from the chloride and total halide data. Corresponding calcula- 
tions, based on the bromide data, lead to slightly lower values for 
extracellular fluid, which are probably to be attributed to failure 
to attain equilibrium between the bromide of the blood and tissues. 


DISCUSSION 


Iixcept in the case of the cerebrospinal fluid and the brain, the 
replacement of chloride by bromide seems to be essentially the 
same in all the tissues studied. It would seem reasonable to con- 
clude, therefore, that (a) there is no special affinity for bromide in 
tissues, and (6b) bromide diffuses freely into and from tissues 
wherever chloride is present until equilibrium is established. 

The results observed in the brain and cerebrospinal fluid require 
special mention. It will be noted that the per cent replacement in 
both was lower than in blood or other tissues. Furthermore, the 
replacement values in cerebrospinal fluid and brain agree essentially 
with each other. It would seem not unreasonable to suppose, 
therefore, that cerebrospinal fluid may be regarded as in equilib- 
rium with the extracellular fluid of brain tissue, at least, in so far 
as halide ions are concerned. In this sense, therefore, cerebro- 
spinal fluid may be considered representative of the extracellular 
fluid of brain. In this respect, our results and the conclusions 
drawn from them are in agreement with those reported by Wallace 
and Brodie (17). 


One of us (i. G. W.) wishes to extend his sincerest appreciation 
to Dr. Lillian EKichelberger for her generous interest and aid during 
this work. 


SUMMARY 


1. ‘The distribution of bromide and chloride in tissues and body 
fluids has been determined after the oral and intravenous adminis- 
tration of sodium bromide. 

2. In agreement with the work of Wallace and Brodie, bromide 
has been found to replace chloride uniformly throughout the tissues 
and fluids of the body except for the brain and cerebrospinal fluid. 

3. Estimates of the extracellular fluid of tissues have been made 
from their bromide and chloride contents. 
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EFFECTS OF ANTERIOR PITUITARY PREPARATIONS AND 
IODINE ON NITROGEN EXCRETION, CREATINURIA, 
AND BASAL METABOLISM 


By OLIVER HENRY GAEBLER Anp PAUL BARTLETT 
(From the Department of Laboratories, Henry Ford Hospital, Detroit) 


(Received for publication, May 17, 1939) 


The relationship of creatinuria to thyroid function is well known. 
Abnormal excretion of creatine occurs in hyperthyroidism, is 
produced experimentally by feeding thyroid preparations or in- 
jecting thyroxine, and has been induced in the rat and the dog (1) 
as well as in man (2) by means of the thyrotropic homone. Since 
iodine therapy promptly abolishes creatinuria in cases of hyper- 
thyroidism, even when the metabolism is not reduced (3, 4), one 
would expect it to abolish creatinuria induced with the thyro- 
tropic hormone. In guinea pigs, injections of the hormone and 
feeding of 50 mg. of potassium iodide daily appear to have separate 
rather than neutralizing effects on the histology of the thyroid 
(5). The effect of the hormone on oxygen consumption is how- 
ever practically abolished by such amounts of iodice (6) and is 
still diminished by much smaller amounts (7) which do not modify 
the histological effects. 

It was therefore surprising to find that the exogenous creati- 
nuria of bitches on a diet of constant creatine content could be 
enormously increased by small single injections of thyrotropic 
hormone, but that administration of iodine had no effect upon 
this response.! We suspected that we might be dealing with a 
non-specific effect, for while creatinuria is induced by the thyro- 
tropic hormone in hypophysectomized rats (1) experiments of 
this nature on thyroidectomized animals have not come to our 
attention. We found, however, that thyroidectomy abolished 
the response. In normal animals, on the other hand, the rise 


1 The first experiment on this point was carried out by Mr. L. D. Abbott, 
and additional ones were included in a report of other studies (8). 
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in metabolism and other evidences of thyroid activity which 
accompanied increased creatine excretion were surprisingly slight. 
In interesting contrast with early experiments (9, 10), in which a 
growth preparation was found to have a marked calorigenic effect 
independent of the presence of the thyroid gland, we now had 
conditions under which a thyrotropic preparation influenced 
creatinuria by way of the thyroid without much calorigenic action. 
This seemed to merit investigation. A study of the action of 
iodine upon various effects of the growth preparation, including 
that on basal metabolism, was conveniently included. 

Since creatine appears in the urine of young mammals and 
acromegalic patients, several investigators have studied the effect 
of growth preparations on creatinuria (2, 11). Under suitable 
circumstances the effect of growth on creatinuria may however be 
negative rather than positive. Thus the endogenous creatinuria 
of puppies (12) often practically disappears during the early part 
of growth periods induced by dietary changes. At such times the 
ealeulated amount of creatine required daily for new muscle may 
be as large as that excreted daily when growth is at a standstill. 
It. seemed of interest to observe whether exogenous creatinuria 
in adult animals could likewise be diminished by sudden increases 
in weight and nitrogen storage produced with a growth prepa- 
ration. 


EXPERIMENTAL 


Most of the methods and conditions of experiment have been 
deseribed in previous publications (9, 13). Sinee animals became 
refractory after as few as three injections of thyrotropiec hormone, 
it was not feasible to do experiments before and after operations. 
Animals which were thyroidectomized, trained for basal metab- 
olism experiments, or placed on creatine-free diets had in each 
instance not received pituitary preparations of any kind _ pre- 
viously. During the long preliminary periods of dietary adjust- 
ment (13) animals to be used for basal metabolism experiments 
were trained daily and a well fitting mask (14) was made for each 
one. 

The creatine-free diets of Dogs 12 and 15 consisted of casein, 
eracker meal, corn oil (Mazola), yeast, bone ash, and Karr’s salt 
mixture (15) without iodine; the creatine added later was weighed 
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out as the monohydrate. In the creatine-containing diets of other 
animals (Dogs 8 to 10, 14, 16, and 17) trimmed beef heart served 
as a source of protein and creatine.2 The diets of Dogs 12 to 17 
contained vitamins A and D, and the B group in abundance (15 
drops of haliver oil and 10 gm. of brewers’ yeast daily); the diets 
of Dogs 8, 9, and 10 were not supplemented in this way, but in 
previous experiments they were consumed quantitatively for 
months and supported gains in weight as large as 50 per cent. 
Iodine, when given, was added to the food as Lugol’s solution, 
1 ec. per day, containing 50 mg. of iodine and 100 mg. of potassium 
iodide. 

Antuitrin growth and antuitrin thyrotropic preparations, ob- 
tained from Parke, Davis and Company, were given subcuta- 
neously, in the amounts indicated in Figs. 1 to 5.4. When 40 ce. 
doses of the growth preparation were given, 10 ce. portions were 
injected in four places. 

Records of water intake in Figs. 1 to 3 do not include a constant 
amount of water added to dry food, present in other foods, or 
available from oxidation. 


Results 


Thyrotroprc Hormone Details of the experiments are given in 
the legends to Figs. 1 to 5. A marked increase in creatine excre- 
tion began during the Ist or 2nd day after single injections of thy- 
rotropic hormone and persisted for several days. As is shown in 
Figs. 1 and 2, it was unaffected by giving iodine. In the 61 day 
experiment shown in Fig. 3, all responses to the thyrotropic hor- 
mone disappeared during the second period when iodine was 
given, but they also disappeared during the second period of the 
107 day experiment shown in Fig. 4, when iodine was withdrawn. 


2 To assure constancy, 50 pound lots of beef heart were ground after the 
fat was carefully trimmed off. The product was mixed with 6 per cent of its 
weight of either bone meal or agar, and was weighed out in uniform pack- 
ages which were wrapped in paraffined paper and frozen. The packs were 
thawed out as needed, without applying heat, in the upper compartment 
of a refrigerator. 

> According to assays supplied by the firm, those lots of the growth 
preparation which we used contained less than 1 unit (16) of thyrotropic 
hormone in 4 ec., while the initial strength of the thyrotropic preparations 
was 60 units per ce. 
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Fic. 1. Addition of Lugol’s solution to the diet produced no change in 
excretion of nitrogen, creatinine, or creatine. A week later the injection 
of a thyrotropic hormone preparation (7') caused an enormous rise in crea- 
tine excretion, accompanied by some increase in nitrogen output, but no 
change in weight. 
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Fic. 2. Injections of thyrotropic hormone (7) had no effect on weight or 
nitrogen output. Their effect on creatine excretion was independent of 
iodine intake. The lower nitrogen values during the second experiment 
were due to readjustment of food intake during the interval between the 
experiments. 
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Evidently the animals became refractory. The alternative—that 
the extracts lost their potency—-was excluded by testing them after 
completion of the experiments. In the smallest doses employed, 
they produced the usual rise in creatine output when administered 
to normal animals not previously treated. 
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Fic. 3. Two experiments witha (T) and one with 
a growth preparation (G) were followed by a similar series after addition 
of iodine to the diet. Observations on creatine were complicated after the 
48th day of the experiment. A spontaneous fall in basal metabolism at this 
time was accompanied by increase in weight and diminished excretion of 
nitrogen and creatine. 


Creatine excretion, after passing its peak, often fell far below 
the control level, to which it subsequently returned. This is 
shown in the first part of Fig. 4, and was regularly observed in 
other experiments not recorded. It suggests compensatory stor- 
age of creatine. 
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The rise in creatine output was a sensitive response, for 0.25 
ec. of the preparation, containing not more than 15 guinea pig 
units (16), gave a definite response in an animal weighing 14.6 
kilos (Fig. 4). The extent and duration of responses were not 
quantitative, similar effects being recorded for 2 ec. and 4 ce. 
injections in Fig. 3, and for 1.0 and 0.5 ec. doses in Fig. 4. 

Weight losses did not occur after any single injections of thyro- 
tropic hormone. Other thyroxine-like effects were present but 
small. In Fig. | definite increases in nitrogen and water excretion 
are recorded. Smaller increases in nitrogen excretion are shown 
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Fic. 4. Three with a thyrotropic and one 
with a growth preparation (G@) were followed by a similar series after with- 
drawal of iodine from the diet. 


in Figs. 3 and 4, slight increases in urinary calcium in Fig. 3. The 
basal metabolic rate, as shown in Figs. 3 and 4, rose about 10 per 
cent for several days after each injection of thyrotropic hormone. 
This effect, as well as the others, disappeared when the animals 
became refractory. 

In animals on creatine-free diets, 1 and 2 cc. doses of the thyro- 
tropic preparation produced no effect (Fig. 5). After addition 
of creatine had produced creatinuria, this was increased in both 
animals by 2 ec. doses. None of the injections affected nitrogen 
excretion, which is omitted from Fig. 5. The findings of Benedict 
and Osterberg (17) were again confirmed in these experiments 
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creatinine output fell steadily on a creatine-free diet. It rose 
again after addition of creatine to the diet, and later creatinuria 
appeared. | 

Dog 16 was thyroidectomized, and Dog 17 thyroparathyroidec- 
tomized. The latter animal received sufficient viosterol with ‘ts 
food to maintain the serum calcium at a normal level. With 
each animal one experiment was done with each of two thyro- 
tropic hormone preparations, which were later tested in normal 
animals and found potent. All four experiments were entirely 
negative. In more than fifteen experiments on unoperated 
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Fic. 5. Small single injections of thyrotropic hormone (7) did not pro- 
duce creatinuria on creatine-free diets, but augmented creatinuria resulting 
from the feeding of creatine. 


animals no negative results were obtained with the first three 
injections. 

Growth Preparation— As shown in Fig 3, the usual effects of 
this preparation—inereased water intake, urine volume, and 
body weight, diminished nitrogen and phosphate excretion, and a 
pronounced calorigenic action are unaltered by excessive iodine 
intake. The 40 ce. injections indicated in Fig. 3 produced calori- 
genic effects of 577 and 412 calories. The first 20 ce. injection 
shown in Fig. 4 was followed by a calorigenic effect of 310 calories 
and a secondary one of 172 calories; the response to the second 20 
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ec. injection equaled 293 calories. The second injection gave a 
somewhat smaller response in both experiments, though cor- 
responding with addition of iodine in one and withdrawal of iodine 
in the other. In previous experiments (10) all effects of the 
growth preparation were obtained after thyroparathyroidectomy, 
the calorigenic effect being somewhat diminished. 

A rise in urine calcium, observed after injections of some of the 
earliest growth preparations (18) is also shown in Fig. 3. It was 
probably not due to thyrotropic hormone in the growth prepara- 
tion,’ since the single injections of the former produced only small 
increases in urine calcium, and caused marked excretion of cre- 
atine, not storage. 

Creatine excretion fell greatly after the first injection of the 
growth preparation shown in Fig. 3. The 20 cc. injections shown 
in Fig. 4 produced much more transient effects on nitrogen ex- 
cretion, and little effect on creatine output. A 40 cc. injection 
given the same animal later was followed by markedly diminished 
creatinuria. 

Desiccated Anterior Lobe Administered Orally—Since Siebert 
and Thurston (6) increased the metabolism of guinea pigs by 
feeding Armour’s pituitary tablets, we carried out an experiment 
like those illustrated in Figs. 3 and 4, in which 5 gm. of desiccated 
anterior pituitary powder (Parke, Davis and Company) repre- 
senting 5 times as much fresh anterior lobe were given by mouth 
daily for 11 days, after a preliminary control period. Water 
intake, urine volume, body weight, excretion of total nitrogen, 
creatinine, and creatine, as well as the basal metabolism and 
respiratory quotient, all were unchanged. 


DISCUSSION AND SUMMARY 


Our results with the growth preparation confirmed and ex- 
tended previous findings. The exogenous creatinuria of adult 
bitches, like the endogenous creatinuria of puppies (12), decreased . 
greatly when sudden increases in weight and nitrogen storage were 
produced. The calorigenic effect of the growth preparation in 
bitches, like that of less purified alkaline extracts of anterior 
pituitary glands injected into guinea pigs (6), was uninfluenced 


‘We are indebted to Miss Alys Kubis and Miss Annette Moore for the 
numerous gas analyses involved in this study. 
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by administration of iodine. ‘The same was true of the numerous 
other metabolic effects. The calorigenic action resembled that 
of thyroxine (19, 20) in this respect, as well as in its time curve 
(9) and independence of the thyroid gland (10). In contrast with 
thyroid substance, desiccated anterior pituitary powder given by 
mouth was inert in all respects. A rise in urinary calcium follow- 
ing injection of a growth preparation (18) was confirmed in one 
experiment. 

The results of single injections of the thyrotropic hormone were 
very consistent. They are confusing if one has in mind either 
hyperthyroidism or effects of 10 mg. of thyroxine injected intra- 
venously at one time. The confusion disappears if one makes 
two conventional assumptions: that a response which is abolished 
by thyroidectomy is mediated by the thyroid gland, and that there 
is only one thyroid hormone—thyroxine or a protein containing 
it. It then follows that the discharge of thyroid hormone pro- 
duced by our injections, and detected by the large increase in 
creatine excretion, must have been scarcely beyond physiological 
limits. In the normal adult animal on a creatine-free diet no 
creatinuria was produced; the rise in metabolism was very small; 
weight loss was absent altogether; the increase in nitrogen ex- 
eretion was usually present, sometimes absent. That excessive 
intake of iodine did not prevent this small discharge of thyroid 
hormone correlates with the fact that it does not alter the normal 
basal metabolism. It is also evident that administration of 
iodine is not equivalent to thyroidectomy in determining whether 
a given response is due to the thyrotropic hormone. 

Since creatinuria was not produced on creatine-free diets, we 
considered the possibility that our positive results on creatine- 
containing diets were due to improved absorption. ‘The work of 
Althausen and Stockholm (21) indicates that the thyroid hormone 
influences absorption of various monosaccharides in rats, but with 
the amino acid alanine their results were negative. Some of our 
responses were very large-—-the highest creatine excretion shown in 
Fig. 1 is practically equal to the creatine content of the diet. The 
diminished excretion, during the after periods, shown in Fig. 4, 
suggests compensatory storage of creatine. Thus it appears likely 
that the increase in creatine output was due to loss of creatine 
from the tissues. 
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THE SPECTROSCOPIC DETERMINATION OF CYTO- 
CHROME C AND ITS DISTRIBUTION IN SOME 
MAMMALIAN TISSUES 


By R. JUNOWICZ-KOCHOLATY anv T. R. HOGNESS 


(From the George Herbert Jones Chemical Laboratory of the University 
of Chicago, Chicago) 


(Reeeived for publication, June 5, 1939) 


Cytochromes A, B, and ( have principal absorption bands at 
6040, 5660, and 5500 A., all of which can be distinctly observed 
with an ordinary small spectroscope. Thus by means of the 
spectroscope the relative amounts of the cytochromes can be 
roughly determined, and this method of analysis has been used (1) 
to determine whether the cytochromes, particularly cytochrome 
C, are present in different forms of tissue in relatively large or 
small amounts. With one possible exception, the quantitative 
determination of these respiratory enzymes has not as yet been 
effected. Von Euler and Hellstr6m (2) report that the cyto- 
chrome C content of Jensen rat sarcoma is 3 mg. per gm. of tissue 
but give no information regarding this determination except that 
it was carried out spectrophotometrically. 

In the course of a series of experiments made in this laboratory 
it became expedient to work out the procedure for the analysis 
of this enzyme and, since the general method of spectrophoto- 
metric analysis had already been carried out with a number of 
biologically active substances (3), its application to cytochrome 
C consequently offered comparatively little difficulty. 

The general method is that of extracting the cytochrome from 
the tissue, precipitating the suspended material to produce a 
clear solution, and then determining the absorption of light for 
wave-lengths suitable for the analysis. Since there are other 
pigments which might interfere with the determination, we tried 
two methods: (1) eliminating completely the other colored sub- 
stances, and (2) making corrections for the other substances 
present by employing two or more wave-lengths. We found the 
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latter method more expeditious and fully as accurate, and it has 
therefore been adopted by us. In making the extract we have 
adopted, with some modifications, the first steps of the method 
used by Keilin to prepare this enzyme in its pure form. 

To make the extract of cytochrome for the analysis, the extra- 
neous fat and ligaments are first separated from the tissue which 
is then minced five times in a meat chopper and, after weighing, 
is finely ground in a mortar with sand. 100 gm. of the tissue are 
extracted by constant stirring with 100 cc. of 2.5 per cent tri- 
chloroacetic acid solution for 2 hours at room temperature. The 
extract is then separated from the tissue by centrifugation and 
after neutralizing to pH 7 and standing in the refrigerator for at 
least 3 hours it is again centrifuged. 25 gm. of (NH4)eSO, are 
dissolved in every 100 cc. of this solution and the solution is now 
filtered. The precipitate is washed with 28 per cent (NH,4).S80, 
solution and is then discarded. 30 gm. of (NH4)2SO, per 100 ec. 
of solution are now added and the solution is stored overnight 
in the refrigerator. The cold solution is then acidified with one- 
fortieth its volume of 20 per cent trichloroacetic acid solution. 
After the solution has stood for 30 minutes, it is centrifuged. The 
precipitate, which now contains the cytochrome C and a very 
small amount of myoglobin and hemoglobin, is dissolved in the 
minimum amount of water and, after the undissolved protein is 
removed by centrifugation, is diluted to some convenient volume 
(determined by the amount of absorption) with M/15 phosphate 
buffer, pH 7.2. After the addition of a small amount of sodium 
hydrosulfite the absorption readings are taken on the spectro- 
photometer. 

A second extraction of the tissue with trichloroacetic acid 
showed that less than 1 per cent of the total cytochrome was 
retained after the first extraction. This small amount is negli- 
gible. The above extraction was used for heart, shoulder muscle, 
tongue, kidney, ovary, brain, stomach, and lung tissue. For 
beef liver, with its very high hemoglobin content, 50 gm. of 
(NH4)2SO, per 100 cc. were necessary for the first precipitation 
and only 5 gm. for the second. For one sample of human liver 
carcinoma tissue 55 gm. of (NH4)oSO, were necessary for the first 
precipitation. The determination for this tissue is necessarily 
not as accurate as some of the others, since some cytochrome was 
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lost in the first precipitation. With beef spleen 37.5 and 17.5 
gm. of (NH4)25O, per 100 cc. were necessary for the first and second 
precipitations respectively. 

For every tissue studied the optimum amount of (NH,4)2SO, 
necessary for the first and second precipitations was determined 
by making a series of tests with varying amounts of this reagent. 
Those concentrations which gave the maximum amount of cyto- 
chrome C together with minimum amounts of hemoglobin and 
myoglobin were considered optimum. The first precipitate which 
contained most of the hemoglobin and myoglobin was redissolved 
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Fic. 1. Absorption spectrum of cytochrome C and other pigments in 
tissue extraction. 


and its cytochrome C content determined, to make certain that 
no appreciable amount of cytochrome was lost by the first pre- 
cipitation. 

Hemoglobin and myoglobin (or muscle hemoglobin) are the 
principal substances present which can give interference. Methe- 


moglobin does not interfere as much, since its absorption in this 
region of the spectrum is relatively low. The absorption spectra 
of these substances in both the oxidized and reduced states to- 
gether with those for cytochrome C are given in Fig. 1. 

To determine the amounts of cytochrome C present together 
with the interfering impurities, myoglobin and hemoglobin, three 
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simultaneous equations are necessary and consequently three 
wave-lengths must be employed in making the analysis. The 
wave-lengths employed were 5500, 5325, and 5200 A. The ab- 
sorption coefficients for the three pertinent substances in their 
reduced states for these wave-lengths are given in Table I. 


TABLE I 
Absorption Coefficients in Moles Cm. ' & 10 4 


5500 A, 5200 A. 5325 A. 
Cytochrome 28 | 17 10.1 
Hemoglobin 12 6.5 8.5 
Myoglobin 10) 6 9.5 


The three equations employed are therefore: 


Log (A = 5500 A.) = 28.1 & 103(Cy) 4+ 12 10°(Hb) 4+ 10 & 103(My) 

Log 7 (A = 5325 A.) = 10.1 XK 10°(Cy) + 8.5 & 10°(Hb) + 7.5 & 10°(My) 


/ 
Log = 5200 A.) = 17 103(Cy) + 6.5 10°(Hb) + 6 X& 103(My) 


4.5 log F (5500) + 10 log ‘ (5200) — 14 log ° (5375) 
155.1 X 103 
(Cy) = moles of cytochrome C per liter. The length of the cell 
is 1 em. 

If 17,000 is taken as the molecular weight of cytochrome C, 
the number of mg. per 100 gm. of tissue could be readily deter- 
mined. The amounts of cytochrome C (mg. per 100 gm. of tissue) 
determined by the method outlined above for various kinds of 
tissue are given in Table IT. 

Warburg, Posener, and Negelein (4) found that rat sarcoma and 
rat carcinoma show a deficiency in cytochrome C, while Bierich, 
Rosenbohm, and Kalle (5) found that the eytochrome content 
(A, B, and C not differentiated) of tissue imbedding the tumor was 
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greater, the richer the tissue was in tumor cells. Hidetake et al. 
(6) report that Fujinawa’s rat sarcoma contains a large amount of 
cytochrome, Flexner-Jobling a medium amount, and Rous 
chicken sarcoma a small amount of cytochrome. None of these 
determinations was of a quantitative nature and the apparent 
contradictions, which may be only a matter of relative amounts, 
point to the necessity for quantitative work. 

Hashimoto and Masuda (1) report a somewhat quantitative 
spectroscopic determination of cytochrome C and find the follow- 


TABLE I] 


Distribution of Cytochrome in Various Tissues 


Cytochrome C per 


gm. tissue 

micrograms 
Pigeon breast 494 
Beef heart... . 191 
Pig shoulder... | 96 
Beef tongue | | 8S 
shoulder. 61 
ao 29 
fetus (leg)... l 
Human liver carcinoma |. | 3 


fibromyoma 0 


* Too small a sample for quantitative determination. 


ing relative concentrations in the different tissues studied: heart 
(100), brain (45), tongue (43), stomach (38), testicle (33), kidney 
(22), liver (19), thyroid gland (13), lymph glands (5), duodenum 
(5), adrenal glands (4), and pancreas (5). While the general 
order is the same as ours, the relative amounts differ considerably. 

It is evident from the results given in Table II that eytochrome 
C is associated with the most active muscle tissue; the more active 
the tissue the greater is the cytochrome C concentration. This 
is in accord with the qualitative observations of Keilin who found 
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the largest concentrations in the pectoral muscle of birds, thoracic 
wing muscles of insects, and the heart muscle of mammals. The 
high cytochrome C concentration in the active muscle tissue is in 
contrast to the concentration in fetal and carcinoma tissue. These 
findings coupled with the fact that both fetal and carcinogenic 
tissue show high anaerobic glycolysis suggest that this enzyme is 
of great importance in the metabolism of lactic acid. These 
experiments suggest that cytochrome C may be directly con- 
eerned in muscle conditioning. Experiments on the cytochrome 
C concentration in muscle tissue in various kindsof anemia should 
also be made. 
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PARTIALLY O-METHYLATED HEXITOLS 
II. SYNTHESIS OF 1,2,3,5,6-O-PENTAMETHYL DULCITOL 


By R. STUART TIPSON anp P. A. LEVENE 


(From the Laboratories of The Rockefeller Institute for Medical 
Research, New York) 


(Received for publication, June 13, 1939) 


In Paper [' of this series the desirability of synthesizing partially 
methylated hexitols, for use as reference substances, has been 
pointed out. 

For the purpose of identifying certain products isolated in a 
study of methylated, reduced pectin, we have found it necessary 
to synthesize pentamethyl dulcitol having the hydroxyl group at 
position 4 free. This synthesis has been accomplished in the 
following manner. 

Tetramethyl d-galactofuranose was prepared in the usual way, 
by methylation of methylgalactofuranoside followed by hydrolysis 
of the glycosidic methoxyl group. On no occasion did we en- 
counter “autocondensation” of the tetramethyl galactofuranose 
to the disaccharide, octamethyl digalactose.2, We have attempted 
to discover the conditions under which this transformation occurs 
since, as shown by Haworth and coworkers,*® the formation of the 
disaccharide (and subsequent hydrolysis) affords a ready means of 


! Levene, P. A., and Kuna, M., J. Biol. Chem., 127, 49 (1939). 

? Such a transformation was first reported by Cunningham? in 1918 and 
later encountered by Pryde and coworkers.‘ Its occurrence has since been 
denied® and also confirmed.* It therefore appears obvious that some as 
yet undetermined factor is responsible for the disaccharide formation. 

§ Cunningham, M., J. Chem. Soc., 113, 596 (1918). 

* Pryde, J., Hirst E. L., and Humphreys, R. W., J. Chem. Soc., 127, 348 
(1925). 

‘Haworth, W. N., Ruell, D. A., and Westgarth, G. C., J. Chem. Soc., 
126, 2468 (1924). 

‘ Haworth, W. N., Hirst, E. L., Jones, D. I., and Woodward, H., J. Chem. 
Soc., 1575 (1938). 
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freeing the furanose from contaminating tetramethyl methyl- 
galactopyranoside (inevitably present, owing to the method of 
preparation). We were unable to find these conditions, but this 
was of no importance in the present investigation, since, after 
catalytic hydrogenation of the slightly impure tetramethy! galacto- 
furanose, the 2,3,5,6-tetramethy! dulcitol crystallized with great 
ease, and it was possible to recover the pyranoside from the mother 
liquor. 


| CHOCH, CHOH CH.OH 
H-C-OH H-C-OCH, H-C-OCH; 
0 | | 
| HO-C-H CH,0-C-H CH;0-C-H 
L C-H L C-H HO-C-H 
H-C-OH H-C-OCH, H-C-OCH, 
CH.OH CH,OCH; CH,OCH, 
Methylgalacto- Tetramethyl 2,3,5,6-Tetra- 
furanoside galactofuranose methyl dulcitol 
| 
CH,OCH; CH.OH 
C,H; 
H-C-OCH; H-C-OCH, H-C-OCH, 
CH,O-C-H CH,O-C-H CH,O-C-H 
HO-C-H C,H.CO-0-C-H C.H,CO-0-C-H 
H-C-OCH, H-C-OCH, H-C-OCH; 
CH.OCH; CH,OCH, CH.OCH, 
1,2,3,5,6-Penta- 4-Benzoy] 2,3,5,6-tet- 1-Trityl 4-benzoyl 
methyl dulcitol ramethyl! dulcitol 2,3,5,6-tetramethy! 
dulcitol 


In preliminary experiments this tetramethyl dulcitol was con- 
densed with triphenylmethyl chloride and the resulting 1-trityl 
2,3,5,6-tetramethyl dulcitol isolated in the usual way, yielding 
a syrup which could be distilled under a high vacuum without 
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decomposition, but which remained contaminated with a little 
tritanol, owing to the closeness in boiling points. 

In subsequent experiments, therefore, the trity] derivative was 
benzoylated prior to isolation and the resulting 4-benzoyl 1-trity! 
derivative was detritylated by the action of boiling 80 per cent 
acetic acid.’ 

The 4-benzoyl derivative was readily separated from some 
1,4-dibenzoy! derivative (formed directly from  tetramethy! 
dulcitol which had failed to react with the trityl chloride) and 
was then methylated by means of Purdie’s reagents to yield 
1,2,3,5,6-pentamethyl 4-benzoy! dulcitol. This was debenzoyl- 
ated with 0.2 N barium hydroxide (in 50 per cent aqueous alcohol), 
giving the desired 1 ,2,3,5,6-pentamethyl dulcitol. It is a color- 
less, crystalline substance having the following properties: m.p. 
23.5°; b.p. 93° at 0.2 mm.; n™ = 1.4437; [a]? = —17.1° (in 
absolute ethanol). 


EXPERIMENTAL 


Preparation of Tetramethyl Methylgalactofuranoside—This prep- 
aration is described, owing to the inadequacy of information in 
the literature. 

d-Galactose was twice recrystallized by dissolving 50 gm. in 
50 cc. of warm water, adding 200 ec. of absolute ethanol, and allow- 
ing to stand in the refrigerator overnight. The crystalline ma- 
terial was then dried in the vacuum oven during 2 days at 65°, 
after which it was finely powdered and passed through a sieve 
(No. 200 mesh). 

7.5 gm. of this galactose were shaken with 400 ec. of absolute 
methanol at room temperature during 17 hours. Sufficient dry 
hydrogen chloride dissolved in absolute methanol was now added 
to give 500 cc. of solution containing 1 per cent of hydrogen chlor- 
ride and the mixture was shaken during 24 hours at room tempera- 
ture. The sugar had then all dissolved to give a clear, colorless 
solution having [a]® = —56°. 

Sufficient silver carbonate to neutralize the mineral acid was 
now added, the mixture filtered, the silver salts washed with 
absolute methanol, and the combined filtrate and washings evapor- 
ated to dryness under diminished pressure. 


7 Levene, P. A., and Tipson, R. S., J. Biol. Chem., 121, 131 (1937). 
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25 gm. of this crude methylgalactofuranoside were dissolved in 
50 ec. of water, 50 ec. of acetone were added, and the substance 
was methylated with 100 ec. of dimethyl sulfate and 200 cc. of 
aqueous sodium hydroxide (42.2 gm. per 100 ce. of solution)*® 
in the following manner. The mixture was vigorously stirred 
under a reflux condenser and warmed to 40°. 10 ec. of sodium 
hydroxide solution were added, followed by steady addition of the 
reagents during 30 minutes, the temperature being gradually 
raised to 70°. For each ee. of dimethyl sulfate, 2 cc. of sodium 
hydroxide solution were added. When all the sodium hydroxide 
had been added, the last 5 ec. of dimethyl sulfate were run in and 
the temperature was maintained at 90° for 1 hour, the acetone 
being allowed to evaporate. Then the mixture was vigorously 
stirred at 100° during 1 hour, cooled in ice to room temperature, 
diluted with sufficient water to dissolve the sodium sulfate, and 
extracted with five portions (100 ce. each) of chloroform. The 
chloroform extract was dried with anhydrous sodium sulfate, 
filtered, and the filtrate evaporated to dryness, giving 23.5 gm. 
of a pale yellow, mobile syrup. 

A further 3 gm. of product were recovered from the aqueous 
solution as follows. Carbon dioxide was passed into the solution 
until it was neutral. It was then evaporated to dryness, and the 
solid finely powdered and extracted with five portions (100 cc. 
each) of boiling chloroform under a reflux condenser. The com- 
bined extract was dried and evaporated to dryness. 

The product was now methylated by Purdie’s reagents, giving 
25 gm. of fully methylated product, which was fractionated by 
distillation under a high vacuum. A first fraction boiling at 
89° and 0.5 mm. (bath temperature, 98-99°) was collected (weight, 
18.98 gm.) having n=’ = 1.4382 and the following composition. 


4.217 mg. substance: 8.180 mg. CO, and 3.290 mg. HO 


: 32.37 ec. 0.01 N sodium thiosulfate 
C),H»2O, Caleulated. C 52.76, H 8.9, OCH, 62.01 
Found. 61.87 


A second fraction (weight, 4.38 gm.) had n? = 1.4388 and a 
third fraction (weight, 1.40 gm.) n” = 1.4392. These fractions 
were colorless, mobile syrups which boiled at the same temperature 


$2 cc. of a solution of this concentration are equivalent to 1 cc. of di- 
methyl sulfate. 
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and pressure as the first fraction and had compositions corres- 
ponding to fully methylated material. 

The first fraction was a mixture of a and 8 forms, since different 
samples, all with the same refractive index, which were with- 


drawn from time to time during the distillation had [a]*> = — 43.0°, 
— 39.5°, —36.8°, —25.7° (in absolute ethanol). The second frac- 
tion had [a]” = —17.9° (in absolute ethanol). 


Rate of Hydrolysis of Tetramethyl Methylgalactofuranoside 
(Containing Some Tetramethyl Methylgalactopyranoside)—The 
course of hydrolysis at 100° of a 1 per cent solution of fully methyl- 
ated material (n=? = 1.4382; per cent OCH; = 61.87) in 0.1 N 
hydrochloric acid was studied polarimetrically. Under these 


TABLE | 


Hydrolysis of Tetramethyl Methylgalactofuranoside Containing Varying 
Proportions of Pyranoside 


[a]° (1 per cent solution 
in 0.1 ~ 


Properties of sample 


25 (in After 6 hrs. 
Fraction No. ny Initial at 100° 
| degrees degrees degrees 
, l,a 1.4382 — 36.8 —39.7 —14.8 
1,b 1.4382 —25.¢ — 25.6 —14.7 
2 1.4388 —17.9 —15.6 —5.0 
3 1.4392 


~1.6 


—2.5 


conditions the initial specific rotation of the solution ([a] = 
—39.7°) showed a smooth change as follows: —44.8° (15 minutes), 
—46.2 (30 minutes), —43.9 (45 minutes), —39.7° (1 hour), 
—27.7° (2 hours), —22.6° (3 hours), —18.5° (4 hours), —15.7° 
(5 hours), —14.8° (6 hours), constant thereafter. 

Accordingly, various samples were treated under the above 
conditions, during 6 hours. The results are presented in Table I 
and show the presence of a substance of less negative specific 
rotation in those samples with higher refractive index. 

Preparation of Tetramethyl Galactofuranose—10 gm, of tetra- 
methyl methylgalactofuranoside (n” = 1.4382, containing some 
pyranoside) were dissolved in 1 liter of 0.1 N hydrocholorie acid 
and the solution heated under a reflux condenser on the boiling 
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steam bath during 6 hours. The solution was then cooled in ice 
to room temperature, barium carbonate was added until neutral, 
the mixture was filtered, and the filtrate evaporated to dryness. 
The product was extracted with four portions (100 cc. each) of 
boiling chloroform under a reflux condenser, the combined ex- 
tracts dried with anhydrous sodium sulfate, filtered, and the filtrate 
evaporated to dryness, giving a practically quantitative yield of a 
pale yellow syrup which was fractionally distilled under a high 


TABLE II 


Fractionation of Mixture of Tetramethyl Galactofuranose with Tetramethyl 
Methylgalactopyranoside 


No. ature water) | hexose 
Experiment | (10 gm.) 
1 115 (105-107 0.4 0.63 1.4460 54.44 —16.5 62.2 
2 113-130 104-120 0.75 1.53 1.4495 51.61 8.7 54.24 —18.9 80.2 
3 127-133 120-123 0.75 3.22 1.4502 51.58 8.8 | 53.79 —21.5) 88.3 
4 


135-139 123-124 0.75 3.41 1.4520 50.76 8.5 52.30 —19.4 94.4 


Experiment 2 (11 gm.) 


115 106-107 


0.5 1.43 1.4472 51.76 8.8 55.72 0.0, 54.6 
2 120-124112-115 0.5 3.69 1.4515 51.30 8.4 53.97 —16.5) 89.2 
3 123-125113-115 0.5 2.86 1.4518 51.72) 8.6 | 53.52 — 20.8 90.0 
4 126-127116-117 0.5 2.36 1.4528 51.15 8.4 52.07 —13.8 94.6 
Caleulated....... | 62.01 | 


vacuum. The properties of the fractions obtained are recorded 
in Table II. 

Determination of the reducing power (by a modification® of 
Willstatter’s method) was performed on 1 ce. portions of the 
aqueous solutions which had been prepared for determination of 
the specific rotations of the samples. From-Table IT it is seen 
that the last fraction is richest in tetramethyl galactofuranose. 


* Levene, P. A., Raymond, A. L., and Dillon, R. T., J. Biol. Chem., 96, 
699 (1932). 
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Catalytic Reduction of Tetramethyl Galactofuranose—4.7 gm. of 
tetramethyl galactofuranose (containing some tetramethyl methyl- 
galactopyranoside) were dissolved in 100 ec. of distilled water, an 
aqueous suspension of several gm. of Raney’s nickel catalyst was 
added, and the mixture was shaken in an atmosphere of hydrogen 
at a pressure of 1650 pounds per sq. inch at 125° during 3 hours. 

The mixture was now cooled and filtered with suction through 
a thin layer of charcoal. The clear, colorless filtrate was evapor- 
ated to dryness, giving 4.7 gm. of a colorless, somewhat viscous 
syrup which was non-reducing to boiling Fehling’s solution, but 
slightly reducing after acid hydrolysis. 

The product was dissolved in chloroform, the solution dried with 
anhydrous sodium sulfate, filtered, and the filtrate evaporated to 
dryness. When dry ether was added to the syrup, it crystallized 
immediately to a solid mass of rosettes of colorless needles. The 
material (weight of first crop = 3.4 gm.) was filtered off, washed 
with a little dry ether, and recrystallized as follows: 

2.5 gm. of substance were dissolved in 100 ec. of boiling dry 
ether under a reflux condenser and the hot solution filtered. 25 
cc. of pentane were added and the solution was kept in the re- 
frigerator during several hours. The substance, which had now 
crystallized in large, narrow, rectangular prisms, was filtered off 
with suction and washed with a little dry ether. The first crop 
of material (weight, 1.7 gm.) had a melting point of 83-84°, n? 
= 1.4575 (for the superfused solid), and the following specific 
rotation, with no mutarotation. 


2X 1.230 


= 


The substance had the following composition. 


4.824 mg. substance: 8.891 mg. CO, and 4.000 mg. H,O 


: 33.35 ec. 0.0L N sodium thiosulfate 
Cy pH Calculated. 50.38, H 9.3, OCH; 52.10 


A total of 20 gm. of syrupy tetramethyl galactofuranose, treated 
in the above way, gave 15.7 gm. of crystalline tetramethyl! dulcitol 
and 4 gm. of a syrupy mixture of tetramethyl dulcitol with tet- 
ramethyl methylgalactopyranoside. 
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The latter mixture was fractionated under a high vacuum, giving 
a first fraction (weight, 0.77 gm.) boiling at 80-82° at 0.2 mm. 
(bath temperature, 95-97°), having n=” = 1.4432 and the following 
composition, corresponding approximately to that of a tetra- 
methyl methylhexoside. 


4.799 mg. substance: 9.200 mg. CO, and 3.600 mg. H.O 


2.790 ‘* ws : 32.40 ce. 0.01 N sodium thiosulfate 
C,,H220,. Caleulated. C 52.76, H 8.9, OCH; 62.01 
Found. 
0.94° & 100 
lal, = ot Si = +19.9° (in absolute ethanol) 


2.364 


A second fraction (0.40 gm.,n* = 1.4445) and a third fraction 
(1.30 gm., n° = 1.4547) were now collected, followed by a fourth 
fraction (1.48 gm.) boiling at 110° at 0.2 mm. (bath temperature, 
120°), which had n>’ = 1.4585 and the following composition. 


4.894 mg. substance: 8.900 mg. CO, and 3.815 mg. H,O 
C1 0H 220«¢. Calculated. 50. 38, H 9.3 
Found. 


The third and fourth fractions, which were almost pure tet- 
ramethyl dulcitol, crystallized spontaneously on standing over- 
night at room temperature and were recrystallized as previously 
described. 

Preparation of Tetramethyl Dulcitol without Isolation of Tetra- 
methyl Galactofuranose—3.5 gm. of tetramethyl methylgalacto- 
furanoside were dissolved in 350 ce. of 0.1 N HCl! and the solution 
heated under a reflux on the boiling steam bath during 6 hours. 
The solution was then cooled in ice to room temperature, rendered 
neutral by the addition of barium carbonate, filtered, and the 
filtrate evaporated to dryness. 

The material was dissolved in 100 cc. of water, an aqueous 
suspension of several gm. of Raney’s nickel catalyst was added, 
and the mixture shaken in an atmosphere of hydrogen at a pres- 
sure of 1650 pounds per sq. inch during 3 hours at 125°. The 
mixture was then cooled, filtered with suction through a thin 
layer of charcoal, and the filtrate evaporated to dryness under 
diminished pressure. The product was extracted with five por- 
tions (100 ec. each) of boiling chloroform under a reflux condenser. 
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The combined extract was dried with anhydrous sodium sulfate, 
filtered, and the filtrate evaporated to dryness, giving 3.2 gm. of a 
colorless syrup, which was obtained crystalline from ether in the 
usual way (weight of first crop of crystals, 2.2 gm.; m.p. = 83°). 

Preparation of 4-Benzoyl 2,3,5,6-Tetramethyl Dulcitol —To 
4 gm. of dry, recrystallized 2,3,5,6-tetramethyl dulcitol were 
added 4.8 gm. of triphenylmethyl chloride and 50 ce. of dry pyri- 
dine. The solution was allowed to stand, with the exclusion of 
atmospheric moisture, during 7 days at room temperature. 

3 ce. of benzoyl chloride were then added and the solution kept 
at room temperature, with the exclusion of atmospheric moisture, 
during 24 hours. 

2 cc. of water were now added and the solution kept at room 
temperature during 30 minutes. The solution was poured into 
500 cc. of ice water and the mixture extracted several times with 
chloroform. The chloroform extracts were combined, washed 
successively with ice-cold dilute sulfuric acid, water, aqueous 
sodium bicarbonate solution, and water until neutral. The chloro- 
form solution was dried with anhydrous sodium sulfate, filtered, 
and the filtrate evaporated to dryness under diminished pressure, 
giving a pale yellow gum (weight, about 11 gm.). 

This material was dissolved in 160 ce. of glacial acetic acid, 
by warming gently. The solution was cooled and to it were added 
40 ec. of distilled water. The solution was boiled under a reflux 
condenser during 30 minutes, cooled to room temperature, and 
100 ec. of solvent removed by evaporation under diminished pres- 
sure. 100 cc. of distilled water were added, the mixture shaken 

well and allowed to stand a short time until crystallization was 
complete, and then the crystalline tritanol was removed by filtra- 
tion with suetion. 

The filtrate was evaporated to dryness under diminished pres- 


sure, giving a pale yellow gum (weight, about 6.5 gm., after drying 
; by evaporation several times with toluene and then with benzene- 
absolute ethyl aleohol). The product was dissolved in chloroform, 
, the solution dried with anhydrous sodium sulfate, filtered, and the 
filtrate evaporated to dryness under diminished pressure. The 
r material was then dissolved in dry ether, a trace of flocculent 


: | insoluble material removed by filtration, and the filtrate evapor- 
| ated to dryness under diminished pressure. 
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The product was now fractionally distilled under a high vacuum. 
The main fraction (weight, 4.36 gm.) boiled at 167-169° at 0.25 
mm. (bath temperature, 183-185°) and had n*° = 1.5005 and the 
following composition. 


5.014 mg. substance: 11.095 mg. CO, and 3.495 mg. H.,O 


20.13 ce. 0.01 N sodium thiosulfate 
C,7HoO;. Calculated. C 59.61, H 7.7, OCH; 36.26 
Found. 34.91 


Its specific rotation was as follows: 


—0.03" X 100 
lal, = 2x 1238 1.2° (in acetone) 

The second fraction (weight, 1.65 gm.) boiled at 183° at 0.1 
mm. (bath temperature, 190-200°) and had n*” = 1.5192. It 
consisted essentially of dibenzoy! tetramethyl! dulcitol as shown by 
its composition, which was as follows: 


4.605 mg. substance: 10.750 mg. CO: and 3.010 mg. H,O 


3.990 * +34 : 21.77 ee. 0.01 N sodium thiosulfate 
Cy,sHgOs. Calculated. C 64.54, H 6.8, OCH; 27.81 
Found. 


Its specific rotation was as follows: 


—1.28° 100 
2x 2 893 = —22.1° (in acetone) 


= 

Preparation of 1,2,3,5,6-Pentamethyl 4-Benzoyl Dulcitol—3 
gm. of 4-benzoyl 2,3,5,6-tetramethyl dulcitol were dissolved in 
50 cc. of methyl iodide and treated with 25 gm. of silver oxide in 
the usual manner,!® giving a practically quantitative yield of 
methylated product which was purified by distillation under a 


high vacuum. It boiled at 142° at 0.1 mm. (bath temperature, 
153°) and had n*° = 1.4902 and the following composition. 


4.544 mg. substance: 10.110 mg. CO: and 3.250 mg. H:O 


: 28.87 ec. 0.01 N sodium thiosulfate 
CisHesO7. Calculated. 60 .64, H 7.9, OCH; 43.55 


Found. 


© Levene, P. A., and Tipson, R.S., J. Biol. Chem., 106, 419 (1934). 
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Its specific rotation was as follows: 


+0.01° & 100 


es = +0.5° (in acetone) 


[a]5 = 


Preparation of 1,2,3,5,6-Pentamethyl Dulcitol—-1.9 gm. of 
4-benzoy! pentamethy! dulcitol were dissolved in 20 ce. of absolute 
ethanol, 20 ec. of 0.4 N aqueous barium hydroxide solution were 
added, and the solution boiled during 60 minutes, in a bath at 
85°, under a reflux condenser closed by a soda lime tube. 

The solution was cooled, diluted with an equal volume of water, 
and saturated in the cold with carbon dioxide. The mixture was 
heated until gently boiling, cooled, and the barium carbonate 
removed by filtration and washed with water. 

The filtrate and washings were combined and evaporated to 
dryness, giving a colorless, crystalline mass which was extracted 
with three portions (100 ec. each) of boiling chloroform under a 
reflux condenser. The chloroform extracts were combined, dried 
with anhydrous sodium sulfate, the mixture filtered, and the fil- 
trate evaporated to dryness under diminished pressure, giving a 
quantitative yield of a colorless syrup. 

This was purified by distillation under a high vacuum. The 
substance boiled at 93° at 0.2 mm. (bath temperature, 98°) and 
was collected as a colorless, mobile syrup having n? = 1.4437. 

On cooling in the refrigerator, the substance rapidly crystallized 
to a solid mass of long, colorless needles. M.p. = 23.5°. 

The material had the following composition. 


4.580 mg. substance: 8.810 mg. CO» and 3.930 mg. H.O 


3.567 * sis : 42.36 cc. 0.01 N sodium thiosulfate 
Jaleulated. 52.34, H 9.6, OCH, 61.51 


Its specific rotation was as follows: 


—0.77° 100 
—17.1° (in absolute ethanol) 


lalp = 


+ 
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(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, May 27, 1939) 


The simplest substrates hitherto known for papain were leucyl- 
glycylglycine and acylated amino acid amides such as hippuryl- 
amide and benzoylisoglutamine. All contain two CO—NH link- 
ages. It has now been observed that /-leucineamide and l-leucine 
anilide are slowly hydrolyzed by cysteine-activated papain. The 
action of papain on dl-leucineamide was studied by Damodaran 
and Narayanan (1) and was stated to be negative, although the 
experimental figures indicated slight splitting. However, em- 
ploying a purified papain preparation, we observed a splitting of 
79 per cent of the l-leucineamide in a period of 5 days. The 
optimum of the splitting was observed to be around pH 4.5 
(Fig. 1). In further experiments we compared the action of the 
various papain preparations upon leucineamide and upon carbo- 
benzoxyisoglutamine. The various enzyme preparations were 
used in such dilutions that they hydrolyzed carbobenzoxyiso- 
glutamine with identical velocities. However, in these dilutions, 
the various papain preparations differed markedly with regard to 
the speed with which they hydrolyzed l-leucineamide. These 
experiments demonstrate that various papain preparations may 
differ with respect to the ratio with which they hydrolyze l- 
leucineamide as compared with carbobenzoxyisoglutamine. In 
view of these findings, it seemed desirable to investigate the action 
of papain on other amino acid amides. 

In contrast to leucineamide, the following amides— glycine- 
amide, glycine anilide, and glutamic acid monoanilide— were 
found to be absolutely resistant to cysteine-activated papain. 
When, however, horse serum was added to solutions containing 
glutamic acid anilide or glycine anilide and cysteine-papain, a slow 
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splitting of the respective anilide took place. Horse serum in 
the absence of cysteine-papain effected no hydrolysis either of 
glutamic acid anilide or of glycine anilide. One may conclude, 
therefore, that horse serum contains or, under the influence of 
papain, produces substances that enable papain to hydrolyze these 
anilides. In order to understand the action of horse serum, we 
undertook to search for substances of well known structure, which 
exhibit a similar effect. Consequently it was found that glutamic 
acid anilide, as well as glycine anilide, is hydrolyzed by cysteine- 
papain when acetyl-dl-phenylalanylglycine also is present. <A 
closer study demonstrated that the hydrolysis of glycine anilide is 
the result of several successive reactions. As final reaction prod- 
ucts the following were isolated: glycine, aniline, acetyl-dl-phen- 
ylalanylglycine, acetyl-l-phenylalanylglycine anilide, and acetyl 
phenylalanylglycylglycine anilide. The reaction sequence was 
found to proceed along the following lines. First, acetyl-l/-phen- 
ylalanylglycine (1) and glycine anilide (II) combine to form acetyl- 
l-phenylalanylglycylglycine anilide (III). This synthesis is fol- 
lowed by two hydrolytic steps in which first aniline (V) and sub- 
sequently one glycine residue (VII) are produced. The liberated 
aniline is partially combined with acetyl-l-phenylalanylglycine 
(V1) with formation of acetyl-l-phenylalanylglycine anilide (VIII). 
This sequence of reactions, as represented in Diagram 1, gives a 
plausible explanation for the fact that glycine anilide, which itself 
is not hydrolyzed by cysteine-papain, is readily split in the pres- 
ence of acetyl phenylalanylglycine. That the interaction of 
compounds (1) and (II) starts with a synthesis was indicated by 
the isolation of acetyl phenylalanylglycylglycine anilide. An 
experiment in which the acetyl peptide (1) was replaced by the 
corresponding carbobenzoxy peptide also supports this mechanism. 
The interaction of carbobenzoxy-l-phenylalanylglycine with 
glycine anilide in the presence of cysteine-papain results in the 
nearly quantitative formation. of carbobenzoxy-l-phenylalanyl- 
glycylglycine anilide. This compound is so sparingly soluble that 
it crystallizes out and is not attacked by the enzyme solution. 
An analogous synthesis occurs with carbobenzoxy-d-phenyl- 
alanylglycine and with benzoyl-dl-phenylalanylglycine. 
Compound (III) of our scheme, acetyl-l-phenylalanylglycyl- 
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glycine anilide was also synthesized by laboratory methods without 
the use of enzymes. When subjected to the action of cysteine- 
papain, it was slowly hydrolyzed to the extent of 16 per cent of 
each of two peptide bonds in the course of 3 days. The slowness 
of this action may be attributed to the small solubility of the 
anilide. The corresponding amide, namely acetyl-dl-phenyl- 
alanylglyeylglycineamide, proved to be more soluble and was 
therefore more readily hydrolyzed by the enzyme, giving acetyl] 
phenylalanylglycine, glycine, and ammonia. A quite analogous 
splitting is made responsible, in our scheme, for the formation of 


Acetyl-l-phenylalanyl-glycine + glycine anilide 


Acetyl-/-phenylalanyl-glycyl-glycine anilide 
[1] 

Acetyl-/-phenylalanyl-glycyl-glycine + aniline 
IV 

Acetyl-l-phenylalanyl-glycine + glycine 
VI | Vii 


Acetyl-l-phenylalanyl-glycine anilide 
Vill 


Diagram 1! 


compounds (V), (VI), and (VII) (Diagram 1). Finally, acetyl- 
dl-phenylalanylglycylglycine was synthesized and found to be 
hydrolyzed by cysteine-papain (57 per cent in 3 days). 

The dipeptide glycyl-/-leucine was found to be another sub- 
stance which is not hydrolyzed by cysteine-papain but is easily 
split in the presence of acetyl phenylalanylglycine. In an ex- 
periment performed under the latter conditions 65 per cent of the 
dipeptide was hydrolyzed after 29 hours, and after several days 
the hydrolysis was complete. Free glycine and free l-leucine were 
isolated. After the completion of the reaction, the acetyl phen- 
ylalanylglycine was recovered from the reaction mixture in a yield 
of 88 per cent. It must be assumed that acetyl phenylalanyl- 
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glycine catalyzes the enzymatic hydrolysis of glycylleucine through 
the intermediate synthesis of acetyl phenylalanyldiglycylleucine. 
From this polypeptide, leucine and 1 mole of glycine are succes- 
sively split off, thus regenerating acety} phenylalanylglycine. 
This type of reaction mechanism explains the experimental fact 
that acetyl phenylalanylglycine enables papain to perform. re- 
actions, such as the hydrolysis of glycylleucine and of glycine 
anilide, which otherwise would not be included within the specific- 
ity range of the enzyme. Substances that play an auxiliary role of 
this special kind may be designated cosubstrates. 

From the foregoing discussion it becomes apparent that the 
enzymatic fate of a substance may differ in accordance with the 
presence or absence of other substances which may act as co- 
substrates. As a further example, the fact may be mentioned 
that glycine amilide is slowly split by cysteine-papain when 
proteins, such as blood fibrin, gelatin, or casein, are present. 
Some of the peptides produced during the enzymatic hydrolysis 
of these proteins apparently serve as cosubstrates. The previ- 
ously mentioned effect of blood serum may also be regarded as a 
cosubstrate action. 

It is worthy of attention that in the course of this work a number 
of tripeptide derivatives have been synthesized enzymatically. 
These include benzoyl phenylalanylglycylglycine anilide, the two 
stereoisomeriec carbobenzoxyphenylalanylglycylglycine anilides, 
acid monoanilide, 
and carbobenzoxy-l-phenylalanylglyecyl-l-tyrosineamide. It will 
be noticed that the latter two compounds contain three different 
amino acids. 

was ob- 
tained by the interaction of carbobenzoxy-l-phenylalanylglycine 
with /-tyrosineamide in the presence of cysteine-papain. In the 
analogous interaction of acetyl-dl-phenylalanylglycine with tyro- 
sineamide the acetyl peptide acts as a cosubstrate, the result 
being a splitting of tyrosineamide with the separation of free 
tyrosine. 


For the analyses reported in this paper, the authors wish to 
thank Mr. Stephen M. Nagy. 
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EXPERIMENTAL 
Leucineamide 


Carbobenzory-l-Leucineamide The carbobenzoxy-l-leucine 
methyl ester (2) obtained from 30 gm. of leucine was dissolved in 
150 cc. of absolute methyl alcohol that had previously been 
saturated with ammonia, and kept 3 days at room temperature. 
On evaporation zn vacuo, 20 gm. of carbobenzoxy-l-leucineamide 
were obtained as colorless needles. On further evaporation of the 
mother liquor, there was obtained an oil which yielded from ether- 
petroleum ether at 0° an additional 13 gm. of material. The 
amide was twice recrystallized from 25 per cent alcohol. M.p., 
122-123°. 

CigHaoOsNe2. Calculated. C 63.6, H 7.6, N 10.6 

The amide was also synthesized by treating the acid chloride 
of carbobenzoxyleucine with a cold solution of ammonia in dry 
ether. 

l-Leucineamide Acetate--31 gm. of the carbobenzoxyamide, 
dissolved in 100 ce. of CH;0H and 14 ce. of acetic acid, were 
hydrogenated in the presence of palladium black. The filtered 
solution was repeatedly evaporated to dryness with water and 
then with alcohol. The leucineamide acetate was thus obtained 
as plates. It was transferred to a filter with ethyl acetate. Yield, 
14.7 gm. It was recrystallized from 1:1 ethyl acetate-dioxane 
and air-dried. M.p., 125-126°. ? 

Calculated. C 50.5, H 9.5, N 14.7 
190.2 Found. 2.4, "Oa, 168 
[a]5 = +9.25° (5% in water) 

Carbobenzoxry-d-Leucineamide—This substance was prepared in 
a manner similar to that previously described for the l derivative. 
M.p., 123-124°. 


C1 4H Calculated, N 10.6; found, N 10.6 


d-Leucineamide Acetate—This substance was prepared in a 
manner similar to that described for the l derivative. M.p., 
125-127°. 


CeH,ON2:C,H,O2(190.24). Calculated, N 14.7; found, N 14.7 
[a]n = —9.3° (5% in water) 
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Hydrolysis of l-Leucineamide by Papain 


This and all subsequent enzyme experiments reported in this 
paper, unless otherwise noted, were carried out with solutions 
containing 0.1 mm of each substrate, 0.4 ec. of citrate buffer 
(pH 5.0), 1 mg. of cysteine hydrochloride, and 0.9 mg. of purified 
papain (3) per ec. In cases in which the substrate was of acid 
character, 0.1 ec. of N NaOH was also added. The temperature 
in all cases was 40°. 

Leucineamide acetate, incubated with cysteine-papain under 
these conditions, was found to be hydrolyzed to the extent of 75 
per cent in 5 days. 


pH 


Fic. 1. pH dependence of hydrolysis of /-leucineamide by papain- 
cysteine. O represents percentage of amide split, determined by titration 
after 20 hours; X, percentage split after 48 hours. The pH values were 
determined by means of the glass electrode. 


In a further experiment the action of two papain preparations 
on lleucineamide and carbobenzoxy-l-isoglutamine was com- 
pared. Papain 1 was obtained from a high class Ceylon papain 
by precipitation with ammonium sulfate from a solution in water, 
subsequent solution in water, and precipitation with isopropyl 
alcohol in the presence of a little ammonium sulfate.!. 60 mg. of 
the dried preparation dissolved in a mixture of 5 ec. of water and 
5 ec. of citrate buffer gave papain Solution 1. Papain 2 is a sample 
purified according to the procedure previously described (3). 45 
mg. of the dried powder finally obtained were dissolved in a 


1A detailed description will be given in a later publication by Fruton 
and Bergmann. 
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mixture of 5 cc. of water and 5 ce. of citrate buffer to give papain 
Solution 2. 

When experiments, such as those reported in Table I, were 
performed with the addition of 0.05 ec. of phenylhydrazine to the 
cysteine-activated solutions, the hydrolysis of leucineamide was 
completely inhibited. When the activation was performed with 
HCN instead of cysteine, the addition of 0.05 ec. of phenylhydra- 
zine caused a decrease in splitting, 4 per cent and 14 per cent 
being the values observed (24 and 48 hours). In the absence of 
an activator, papain does not hydrolyze leucineamide. The 
influence of pH on the hydrolysis of leucineamide is indicated in 
Fig. 1. 

TABLE I 


Comparative Hydrolysis of Leucineamide and Carbobenzoryisoglutamine 
by Papain 


Papain No. Time "Hydrolysis 
Ars. per cent 
Carbobenzoxyisoglutamine 26 
2 | 44 
Leucineamide 24 | 40 
18 56 
2 Carbobenzoxyisoglutamine 1 | 26 
2 | 44 
Leucineamide 24 | 12 
48 | 23 


d-Leucineamide showed splitting by ated 
papain after 4 days incubation at 40°. 

l-Leucine anilide was split by cysteine-papain to the extent 
of 57 per cent in 6 days. 


l-Tyrosineamide Acetate 


Carbobenzoxytyrosineamide? was hydrogenated in the presence 
of palladium black in a methyl! alcoholic solution containing 1 
equivalent of acetic acid. The filtered solution was then evapo- 
rated in vacuo and the residue recrystallized twice from methyl 
alcohol by addition of ether. It crystallized in plates; m.p., 177°. 


Calculated. 55. 0), H 6. N 11.7 
240.25 Found. “Os 


was in this by Dr. S. 
Fruton. 
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Glutamic Acid Monoanilide 


This substance has already been obtained by Hugouneng, 
Florence, and Couture (4). We obtained it by first synthesizing 
enzymatically its carbobenzoxy derivative and subsequently 
removing the carbobenzoxy group by catalytic hydrogenation. 

A mixture of 14.0 gm. of carbobenzoxy-l-glutamic acid, 50 ce. 
of N NaOH, 10 ce. of aniline, 150 ec. of citrate buffer of pH 5, 
0.5 gm. of cysteine hydrochloride, 100 ec. of papain solution, and 
water to 500 ec. was incubated at 40°. 3 ce. of 20 per cent acetic 
acid were added after 4 hour, 5 ce. after another 5 hour, and an 
additional 5 ec. after another hour. 15.7 gm. of carbobenzoxy- 
glutamic anilide were precipitated after 18 hours. This was 
reprecipitated from KHCQO;-HCI and from ethanol-water. —M.p., 
193-195°. The substance separated in hair-like needles. 


Calculated, & 64.0, H 5.7. N 7.9 


lalp = —15.3° (5% solution in 95% ethanol) 


The hydrogenation in methanol solution in the presence of 1 mole 
of acetic acid gave rods of the glutamic acid monoanilide with a 
melting point of 190-191°. The anilide is almost insoluble in 
absolute methanol and ethanol, slightly soluble in hot water, and 
easily soluble in diluted aleohols. The compound was recrystal- 
lized from 60 per cent alcohol by addition of an equal volume of 
absolute aleohol. M.p., 193-194°. 


CiyHywOsNe. Caleulated. C 59.45, H 6.35, N 12.6 


Hydrolysis of Glycine Anilide and of Glutamic Acid Anilide by 
Papain in Presence of Horse Serum 


1.05 gm. of glycine anilide acetate were dissolved in a solution 
containing 5 cc. of water, 25 ec. of horse serum (previously ad- 
justed to pH 4.8 with 20 per cent acetic acid), 5 ec. of citrate 
buffer of pH 5, 50 mg. of cysteine hydrochloride, and 10 cc. of a 
papain solution containing 45 mg. of purified enzyme. The 
mixture was diluted to 50 cc. and incubated at 40° for 4 days. 
Coagulated proteins were then removed by filtration and the 
aniline was determined according to the method described by 
Christiansen (5). 17 per cent of the aniline was found to have 
been liberated from the glycine anilide. 
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In a control experiment identical to the experiment described 
above, except that no papain solution had been added, no aniline 
was liberated. In another set of experiments the glycine anilide 
acetate was replaced by glutamic acid monoanilide. In the pres- 
ence of horse serum the anilide was split to the extent of 41 per 
cent, whereas in the absence of serum no splitting was demon- 
strable. 


Interaction of Acetyl-dl-Phenylalanylglycine and Glycine Anilide 
in Presence of Papain 


5.28 gm. of acetyl-dl-phenylalanylglycine and 4.2 gm. of glycine 
anilide acetate were incubated with cysteine-papain under the 
conditions previously mentioned in this paper. In the course of 
2 weeks there was produced an increase in carboxyl corresponding 
to a 60 per cent splitting of one peptide bond. ‘The solution was 
brought to pH 7.8, and 10 ee. of liquid were distilled off under 
reduced pressure. The distillate contained 484 mg. of aniline 
corresponding to 1.09 gm. of glycine anilide acetate. The deter- 
mination was performed by the method of Christiansen (5). The 
solution, from which the aniline had been distilled, was acidified 
to Congo red and further concentrated until only 20 ce. remained. 
1.33 gm. of precipitated material were removed by filtration and 
were recognized as impure acetyl-/-phenylalanylglycine anilide. 
After recrystallization, the melting point of this substance and 
that of a mixture with an authentic sample were 207-208°. 


Calculated, N 12.4; found, N 12.3 


From the mother liquor of the reerystallization of this anilide a 
small amount of very sparingly soluble, hair-like needles was 
obtained. After repeated recrystallization from ethyl aleohol- 
water the needles melted at 242-243°. The substance was acetyl 
phenylalanylglycylglycine anilide. The stereochemical nature of 
the phenylalanine residue could not be investigated. 

Co;HeQOyN4. Caleulated. C 63.6, H 6.1, N 14.1 

The solution from which the two anilides were filtered was thor- 
oughly cooled, yielding 2.6 gm. of acetyl-dl-phenylalanylglycine. 
M.p., 175-176°. 

The mother liquor from this precipitate was evaporated to 
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dryness in vacuo. Repeated extraction with alcohol left a pre- 
cipitate which, when dissolved in water and benzoylated, gave 
0.88 gm. of hippuric acid. M.p., 186-188°. Thus the presence 
of glycine in the solution was proved. 

It should be mentioned that glycine anilide acetate, in the 


absence of acetyl phenylalanylglycine, is not split by papain. — 


After 6 days no free aniline was demonstrable. Furthermore, 
after 7 days no reaction could be demonstrated between acetyl- 
d-phenylalanylglycine and glycine anilide acetate in the presence 
of cysteine-papain. Likewise in the absence of an activator, 
papain did not produce a reaction between acetyl-dl-phenylal- 
anylglycine and glycine anilide acetate. Finally, no reaction 
could be observed between acetyl-dl-phenylalanine and glycine 
anilide acetate in the presence of cysteine-papain. 


Enzymatic Synthesis of Stereotsomeric Carbobenzoxyphenylalanyl- 
glycylglycine Anilides 


0.27 gm. of carbobenzoxy-l-phenylalanylglycine and 0.21 gm. 
of glycine anilide acetate, incubated with cysteine-papain for 7 
days, deposited carbobenzoxy-l-phenylalanylglycylglycine anilide. 
The material recrystallized from acetic acid-water and from 
methanol melted at 213°. Yield, almost quantitative. For 
analysis, the substance was dried at 100° over P.Os in vacuo. 

Calculated. C 66.4, H 5.8, N 11.5 
[a], = —3.3° (4% in glacial acetic acid) 

The interaction of carbobenzoxy-d-phenylalanylglycine and 
glycine anilide acetate in the presence of cysteine-papain produced 
carbobenzoxy-d-phenylalanylglycylglycine anilide in good yield. 
M.p., 213-214°. The material was dried at 100° in vacuo over 
P.O; for analysis. 

Co7H.,O;N,. Caleulated. C 66.4, H 5.8, N 11.5 


[a], = +3.1° (4% in glacial acetic acid) 


Enzymatic Synthesis of Benzoyl Phenylalanylglycylglycine Anilide 


320 mg. of benzoyl-dl-phenylalanylglycine and 210 mg. of 
glycine anilide yielded, after 1 week’s incubation, 300 mg. of 
benzoyl phenylalanylglycylglycine anilide. The material was 
recrystallized from an acetic acid-water mixture and from ethanol. 
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M.p., 236-240°. The product was probably a mixture of the 
l and dl compounds. For analysis it was dried at 100° and 10 
mm. over P2Qs. 


CosH2O Calculated. C 68.1, H 5.7, N 12.2 


Interaction of Glutamic Acid Anilide with Acylated Peptides in 
Presence of Papain 


180 mg. of carbobenzoxy-l-phenylalanylglycine and 110 mg. of 
i-glutamic acid monoanilide were incubated with cysteine-papain. 
During a period of 2 days, 210 mg. of carbobenzoxy-l-phenylal- 
anylglycyl-/-glutamic acid monoanilide were deposited in the form 
of needles. After recrystallization from a methanol-water mix- 
ture, the anilide melted at 213-215°. 


C30H3207N 4. Calculated. 64.3, H 5.8, N 10.0 


An analogous experiment performed with glutamic acid anilide 
and acetyl-dl-phenylalanylglycine at 40° over a period of 3 days 
resulted in an increase in titratable carboxyl corresponding to a 
splitting of 85 per cent of the anilide. Free aniline was readily 
demonstrable. 


Interaction of Carbobenzoryglycine and l-Glutamic Acid Anilide in 
Presence of Papain 


0.21 gm. of earbobenzoxyglycine and 0.22 gm. of glutamie acid 
monoanilide were incubated with cysteine-papain for 5 days. 
Clusters of needles were deposited and titrations indicated the 
disappearance of 19 per cent of one carboxyl. 0.07 gm. of carbo- 
benzoxyglycyl-l-glutamic acid anilide was isolated by filtration. 
This was recrystallized from KHCQO;-HCl and from ethanol- 
water, and dried at 78° and 10 mm. over P2O;. M.p., 182°. 


3. Calculated. 61.0, H 5.6, N 10.2 
Synthesis of Derivatives of dl-Phenylalanylglycylglycine 


Acetyl Dehydrophenylalanylglycylglycine—25 gm. of glycine an- 
hydride were shaken with 125 ce. of 2 N NaOH until all the mate- 
rial was dissolved. ‘To this solution were added 200 ec. of water, 
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500 cc. of acetone, and 42 gm. of acetaminocinnamic acid az- 
lactone. After several hours shaking, the azlactone had dis- 
solved. The following day a small amount of precipitate was 
removed by filtration; 250 ce. of N HCl were added. Consider 
able material precipitated when the solution was concentrated 
in vacuo to about 300 ec. After cooling, 57.5 gm. of acetyl de- 
hydrophenylalanylglycylglycine were removed by filtration. 
From 70 per cent alcohol the material crystallized in needles. 
M.p., 222-223°. A recrystallization from water yielded plates 
that melted at 223-224°. 


Calculated. C 56.4, H 5. 
319.31 Found. * 


Acetyl-dl-Phenylalanylglycylglycine—25 gm. of acetyl dehydro- 
phenylalanylglycylglycine were hydrogenated in 250 ec. of 65 
per cent methanol and 5 cc. of glacial acetic acid in the presence 
of palladium black. The material dissolved during the course of 
the hydrogenation. The filtered solution was repeatedly evapo- 
rated in vacuo with addition of water. ‘The residue, dissolved in 
50 ec. of absolute alcohol, deposited 24.3 gm. of acetyl-dl-phenylal- 
anylglycylglycine at 0°. M.p., 181-182°. The material was 
recrystallized from 75 ec. of hot water, yielding plates that melted 
at 183-184°. 


Calculated. C 56.1, H 6.0, N 13.1 


Acetyl-dl-Phenylalanylglycylglycine Methyl Ester -4 gm. of 
acetyl-dil-phenylalanylglycylglycine suspended in a mixture of 
15 ec. of absolute methanol and 20 cc. of ether, on treatment with 
an ethereal solution of diazomethane, deposited 3.8 gm. of the 
ester. M.p., 156-157°. The ester was recrystallized from 4 
parts of methanol, yielding plates that melted at 158-159°. 


Ci Calculated. 57.3, H 6.3, N 12.5 


Acetyl-dl-Phenylalanylglycylglycine Hydrazide—Yo a_ solution 
of 5.4 gm. of acetyl-dl-phenylalanylglyecylglycine methyl ester in 
25 ec. of warm absolute alcohol were added 1.5 ec. of hydrazine 
hydrate. Overnight 5.1 gm. of the hydrazide precipitated as 
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needles. M.p., 196-199°. A sample was recrystallized from 90 
per cent alcohol. M.p., 200-202°. 


Calculated. 53.7, H 6.3, N 20.9 
335.36 Found. “4. “64. * 


Acetyl-dl-Phenylalanylglycylglycine Anilide—Vhe hydrazide was 
first transformed into the azide and this in turn was treated with 
aniline. A cooled solution of 4.5 gm. of the hydrazide in 50 ce. 
of water, 13 cc. of acetic acid, and 2.5 ce. of concentrated hydro- 
chloric acid was treated with an aqueous solution of 1.15 gm. of 
NaNO». After 10 minutes the azide was extracted with 45 ce. 
of cold ethyl acetate in four portions. ‘The ethyl acetate solution 
was quickly washed with cold water, bicarbonate, and water, dried 
for a few minutes over NasSO,, and added to a soluton of 4 ce. of 
aniline in 25 cc. of ethyl acetate. After 24 hours at room tempera- 
ture 2.2 gm. of the anilide had separated. M.p., 227-228°. 
From 90 per cent alcohol needles that melted at 229-231° were 
obtained. 


C.,H»O.N,. Calculated. C 63.6, H 6.1, N 14.1 
396.4 Found. ~ " 


gm. of acetyl- 
dl-phenylalanylglycylglycine methyl ester were dissolved in 75 ce. 
of absolute methanol that had previously been saturated in the 
cold with NH;. Within a few hours the amide began to pre- 
cipitate as clumps of very fine needles. After 3 days, 4.8 gm. were 
collected. The material was recrystallized from 80 per cent 
alcohol. M.p., 203-206°. 


CisH2O.N,. Caleulated. C 56.2, H 6.3, N 17.5 


Interaction of Acetyl-dl-Phenylalanylglycine and Glycineamide 
Hydrochloride in Presence of Papain 


When 0.26 gm. of acetyl-dl-phenylalanylglycine and 0.11 gm. 
of glycineamide hydrochloride were incubated with cysteine- 
papain for 6 days, titrations indicated an increase in carboxy! 
corresponding to a 35 per cent splitting of the glycineamide. 
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Hydrolysis of Acetyl-dl-Phenylalanylglycylglycineamide by Papain 


1.6 gm. of acetyl-di-phenylalanylglycylglycineamide, incubated 
with cysteine-papain, deposited 0.3 gm. of long needles during 
the course of 4days. They proved to be one isomer of the starting 
material, and were assumed to be the derivative of d-phenylal- 
anine. After reerystallization from water the material melted at 
235-236°, as compared with the melting point of 203-206° for 
the dl form. 


CisH2zoOyN,y. Calculated. C 56.2, H 6.3, N 17.5 
320.3 Found. Ga, 


In the filtrate from the precipitate described above, ammonia was 
present in an amount corresponding to 82 per cent of one antipode 
of the original amide. ‘The titration of the carboxyl groups formed 
during the 4 days incubation indicated a complete hydrolysis of 
two peptide linkages in one of the antipodes of the original amide. 

The filtrate previously mentioned was neutralized with about 
2 cc. of N HCl, evaporated to small volume tn vacuo, and yielded 
on thorough cooling 0.4 gm. of acetyl phenylalanylglycine, m.p. 
177-178°. Another 0.12 gm. of the same material was obtained 
on complete evaporation, extraction with alcohol, and evaporation 
of the extract. 

The residue of the alcoholic extraction, subjected to a glycine 
determination by means of potassium trioxalatochromiate (6), 
yielded 153 mg. of glycine. The splitting of one glycine residue 
from the l-antipode of the starting material should yield 188 mg. 
of glycine. 


Interaction of Acetyl-dl-Phenylalanylglycylglycine and Aniline tn 
Presence of Papain 


160 mg. of acetyl-dl-phenylalanylglycylglycine and 0.06 cc. of 
aniline were incubated with cysteine-papain. After 3. days, 
approximately 70 mg. of acetyl-l-phenylalanylglycine anilide had 
precipitated. M.p., 207-208°. The mixed melting point with 
an authentic sample of acetyl-l-phenylalanylglycine anilide was 
208°. During the course of the incubation the titrations at first 
increased rapidly as the acetyl phenylalanylglycylglycine was 
split. At the end of 3 days the titration had again decreased to 
the figure obtained at the beginning of the reaction. 
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Hydrolysis of Glycyl-l-Leucine by Papain in Presence of Acetyl-dl- 
Phenylalanylglycine 


1.3 gm. of acetyl-dl-phenylalanylglycine and 0.94 gm. of glycyl- 
i-leucine were incubated with cysteine-papain. After a period of 
5 days, titration indicated an increase in carboxyl corresponding 
to a 100 per cent splitting of one peptide linkage. 

In order to demonstrate the site of the splitting the reaction 
mixture was investigated as follows: After the addition of 4.5 cece. 
of N HCl, the solution was evaporated to dryness in vacuo. The 
residue was extracted with absolute aleohol, the aleoholice solution 
evaporated, and the residue crystallized from a small amount of 
water. 1.15 gm. of acetyl-dl-phenylalanylglycine were thus re- 
covered. After another recrystallization the melting point and 
mixed melting point were 178°. 

The material which remained after the alcoholic extraction was 
dissolved in 3.5 ce. of 83 N HCl and precipitated with a solution of 
2 gm. of naphthalene-6-sulfonic acid’ in 7 ce. of water. The pre- 
cipitate was extracted with 4 ec. of methanol and the solvent 
evaporated, thus yielding 1.0 gm. of leucinenaphthalenesulfonate. 
This corresponds to 367 mg. of leucine or 54 per cent of the leucine 
contained in the glycylleucine used as a starting material. The 
naphthalenesulfonate was recrystallized from water. 


Calculated. N (Kjeldahl) 3.92, NH»-N 3.92 


The filtrate from the naphthalenesulfonic acid precipitation was 
used for a determination of glycine by means of potassium tri- 
oxalatochromiate, and yielded 173 mg. of glycine or 45 per cent 
of the glycine contained in the glycylleucine used as a starting 
material. The glycine salt obtained was benzoylated as described 
previously (8) and gave hippurie acid, m.p. 186-189°. 

Glycyl-l-leucine was not split by activated papain in experi- 
ments performed without the addition of acetyl phenylalanyl- 
glycine. No splitting of glycylglycine by activated papain could 
be demonstrated in either the presence or absence of acetyl 
phenylalanylglycine. 


> The use of this acid as a reagent for leucine is described by Bergmann 
and Stein (7). 
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Splitting of Glycine Anilide by Papain in Presence of Casein, 
Gelatin, or Blood Fibrin 

0.5 gm. of casein was suspended in a solution containing 3 ce. 
of citrate buffer of pH 5.0, 0.21 gm. of glycine anilide acetate, and 
3 ec. of water. This suspension was warmed to 40°, and there 
were added 0.5 cc. of 3 per cent HCN solution, 2 ce. of papain 
solution (3), and water to 10 ec. After 4 days incubation at 
40°, the free aniline was determined by applying the method of 
Christiansen (5). Aniline corresponding to 21 per cent of the 
glycine anilide was found to have been liberated. 

Corresponding experiments in which the casein was replaced 
by gelatin or fibrin led to the production of 7 and 15 per cent 
respectively of free aniline. 


Interaction of l-Tyrosineamide with Acetylated Dipeptides in 
Presence of Papain 


356 mg. of carbobenzoxy-l-phenylalanylglycine and 240 mg. of 
tyrosineamide acetate were incubated with cysteine-papain. 
After 4 days, 0.48 gm. of carbobenzoxy-l-phenylalanylglycyl-l- 
tyrosineamide had separated, corresponding to 82 per cent of the 
theory. The amide was twice recrystallized from pyridine-water. 
It begins to darken at 243° and melts at 248° with decomposition. 


Calculated. 64.85, H 5.8, N 10.8 


264 mg. of acetyl-dl-phenylalanylglycine and 240 mg. of tyro- 
sineamide acetate were incubated with cysteine-papain. In the 
course of 6 days, tyrosine equivalent to 80 per cent of the tyro- 
sineamide had precipitated. 

CsH;,0;N (181.2). Calculated, N 7.7; found, N 7.7 
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SEMIMICROESTIMATION OF AMINO ACIDS 


By H. R. ING* ann MAX BERGMANN 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, May 27, 1939) 


Any satisfactory method of analyzing the amino acid content 
of a protein should be capable of use on a micro or at least semi- 
micro scale if it is to be applied to some of the proteins most inter- 
esting physiologically. The solubility method recently deseribed 
(1, 2) has given results which have encouraged us to adapt it to a 
semi-micro scale. 

The essential requirement of the solubility method is that the 
mixture of protein hydrolysate and precipitating reagent should be 
agitated and finally filtered under temperature conditions as 
constant as possible. This requirement can be met as easily on the 
semi-micro as on the macro scale. A refinement which is relatively 
unimportant on the macro scale must, however, be introduced into 
any semi-micro method; v7z., a method for correcting the weight 
of amino acid salt precipitated for impurities in the mother liquor 
adhering to the precipitate and the filtering apparatus. 

The experimental procedure which we have developed is simple 
and was suggested to us by Dr. L. C. Craig of the Rockefeller 
Institute; it depends upon achieving filtration of the reaction 
product by centrifugation and it can be best appreciated by 
reference to Fig. 1 which illustrates two sizes of apparatus. 

The reaction mixture is placed in the small bottle (a) above 
which rests an inverted sintered glass funnel (6), and the whole is 
enclosed in a centrifuge tube (c) which is closed by a tightly fitting 
rubber stopper (d). The centrifuge tube is held by a rubber band 
to an angle brass (e) which depends from a metal disk (f); the 
disk, which was designed to carry six angle brasses, can be rotated 
in a horizontal plane backwards and forwards through a quarter 
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604 Semimicroestimation of Amino Acids 


revolution by means of a motor-driven eccentric (not shown in the 
diagram). The centrifuge tubes are suspended and agitated in 
this manner in a bath of ice and water, the tubes being protected 
from collision with ice by means of a wire basket. The whole 
apparatus was set up in a room maintained at 0°. A somewhat 
similar method of agitating solutions in open vertical tubes has 
been described by Fisher and Wilhelmi (3). 


Fic. 1. Two different sizes of apparatus for the analysis of the amino 
acid content of protein. a represents a small bottle; b, an inverted sin- 
tered glass funnel; c, a centrifuge tube; d, a tightly fitting glass stopper: 
e, an angle brass which depends from a metal disk, f. 


For filtration the centrifuge tubes are removed from the bath 
and immediately inverted into large centrifuge pots packed with 
crushed ice and water, the tubes being held in a vertical position 
by cork collars. Centrifugation for 5 to 10 minutes at 2500 to 
3000 R.P.M. is sufficient to effect very complete filtration. 

In Fig. 1 the larger tube (c) is a Pyrex centrifuge tube of 50 ce. 
capacity and the smaller tube is of 20 cc. capacity; centrifuge pots 
of 250 cc. capacity were used. The larger bottle (a) was designed 
for work with 3 to 5 ec. of solution and the smaller with 1 to 1.5 ce. 
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The smaller funnel (6) was a standard Jena microfunnel, No. 12G8, 
and the larger was an Allihn tube, No. 15aG3, cut down to hold 
6 ce. 

In the performance of an experiment, the bottles and filters 
were weighed and the requisite amounts of the reagent weighed 
directly into the bottles. The amino acid solution was pipetted 
into the bottles and the apparatus assembled. The centrifuge 
tubes containing the bottles and filters were allowed to stand in 


TABLE | 
Estimation of Glycine by Means of Sodium Dioxpyridate 

1 ce. aliquots of a 0.2 m solution of glycine (15 mg.) were shaken for 
24 hours at 0° with amounts of sodium dioxpyridate varying from about 
0.1 to 0.18 equivalent. Centrifugation was performed at 2500 R.p.m. It 
was found in later experiments that at 3000 R.p.mM. the mother liquor re- 
tained after centrifugation and lost during the subsequent drying can be 
cut down to about half the values quoted in Table I. 


Sodium dioxpyridate 


48.2 mg., 60.4 m 79. 3 mg 
0.11522 mm 0. 14145, 0.18572 mM 
(1) (2) (3) 
Glycine dioxpyridate, une orrected. mg. 45.7 56.1 70.8 
corrected, mg.... 45.2 55.6 70.2 
mM... 0.09077 0.11165 0.14096 
Dioxpyridate ion left in solution, mm 0.02445 0.02980 0.04476 
Solubility product A 2.67 2.57 2.64 
and 207) ‘Mean square deviation 0.0034 
3 0.201> be 
Mean 0.202 or 15.15 gm. per liter 


the cold room for 15 to 30 minutes, after which the rubber stoppers 
were released and replaced tightly; this precaution is necessary to 
avoid leakage of water into the tubes. The tubes were then at- 
tached to the shaking device and agitated in the ice water bath 
for 24 to 48 hours. After centrifugation, the bottles and funnels 
were removed, carefully wiped, and weighed at once; they were 
then dried to constant weight in a desiccator. The loss of weight 
on drying enables a correction to be made for the solids contained 


leg 


5 
aq 
¢ 

| : 
+ 
“a 
| 

a4 

? 
‘ 

| 
i 
i 
x 

i 


606 Semimicroestimation of Amino Acids 


in the mother liquor adhering to the precipitate and apparatus, 
provided that the total solids present in the original reaction 
mixture be known; thus, if 2 be the loss of weight in gm. on drying, 


TABLE I] 
Determination of Proline in Gelatin by Means of Ammonium Rhodanilate 
3 cc. aliquots of the diluted gelatin hydrolysate (containing the equiva- 
lent of 37.9 mg. of protein) and 2 ec. of methy! aleohol were used. 


Ammonium rhodanilate used 


27.0 mg., 33.5 mg., | 39.4 mg., 
0.05243 0.06505 mm 0.07651 mM 


(1) (2) (3) 
Loss of weight on drying, mg. 35.6 37.0 38.6 
Proline rhodanilate, uncorrected, mg. 23.5 27.4 29.3 
corrected, mg. 23.0 26.9 28.7 
washed, mg. 23.1 26.9 28.7 
mM 0.03831 0.04461 0.04759 
Rhodanilate ion left in solution, ma 0.01412 0.02044 0.02892 
Solubility product A & 1074.” 2.60 2.47 2.63 
mM 
ins 2 0.0587 pee 
| 3 0. 0565> or 9 
Mean 0.0567 or 17.2% of protein 


TABLE III 


Estimation of Amino Acids in Pure Solutions 


Weight of amino acid 


Reagent Amino acid in volume of solution Found 
use 

| ma. cc. mg. 
Sodium dioxpyridate Glycine 15.0 | 15.2 
Alanine 17.8 17.9 
Naphthalene-3-sulfonic acid Leucine 13.1 l 13.2 
13.1 l 12.8 
Arginine 9.3 l 9.2 
Ammonium Proline 6.9 3 7.0 


it is assumed that the wet precipitate contained zx cc. of mother 
liquor; if m, be the total solids originally present in the volume 
vec. of solution used, and mz the uncorrected weight of the precip- 
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itate, the latter weight must be corrected by subtraction of 
x(m, — me)/(v — x). With efficient filtration, the size of this 
correction will depend on m; and consequently it is advisable to 
work with hydrolysate solutions as dilute as possible. On a 
macro scale v is very large compared with x and the correction 
becomes negligible. The correction can be checked by washing 
the dry amino acid salt on the filter with an ice-cold saturated 
solution of the pure amino acid salt. Since only impurities are 
removed in this process, the difference in the dry weights of the 
amino acid salt before and-after washing should be equal to the 
calculated correction. 

The estimation of glycine reported in Table I will illustrate the 
working of the method. 

In Table II are reported a number of estimations of proline in a 
hydrolysate of pig skin gelatin by means of ammonium rhodani- 
late. The amounts of proline rhodanilate precipitated were ob- 
tained in two ways. The amounts of mother liquor retained after 
centrifugation were estimated and a correction was applied to the 
weights of proline rhodanilates, as described above. Then the 
precipitates were washed on the filters with a saturated methanol- 
water solution of pure proline rhodanilate, dried, and weighed. 
The weights found after this washing were identical with the values 
obtained by correction. In another experiment with 3.6 mg. of 
l-proline added to each sample of the hydrolysate, containing the 
equivalent of 17.5 mg. of protein, the percentage found was 17.1. 
Bergmann and Stein record 17.3 per cent for this protein (2). 

Other results obtained by this method with solutions of pure 
amino acids are listed in Table III. 
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NAPHTHALENE-S-SULFONIC ACID AS A REAGENT 
FOR AMINO ACIDS 


By MAX BERGMANN ano WILLIAM H. STEIN 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, May 27, 1939) 


The introduction of the naphthalene-@-sulfony! residue into 
the a@-amino group of amino acids was suggested more than 35 
years ago by Fischer and Bergell (1) as a means of transforming 
the amino acids into derivatives sparingly soluble in water. Sub- 
sequently, the naphthalene-§-sulfonyl derivatives were frequently 
used for the identification of amino acids. It has now been ob- 
served that naphthalene-8-sulfonic acid forms sparingly soluble 
salts with leucine, phenylalanine, arginine, histidine, tryptophane, 
methionine, and cysteine. These salts (nasylates)? have such 
valuable properties that they promise to become very helpful in 
the isolation, purification, and determination of these amino acids. 

The nasylates of the amino acids mentioned above crystallize 
readily and are only slightly soluble in cold water and in cold 
hydrochloric acid. For each amino acid nasylate the quantitative 
expression of this solubility is a function of the concentration of the 
participating ions.* For example, the solubility of J-leucine 
nasylate is a constant the numerical value of which is obtained by 
multiplying the concentration of the leucine ions CgH,O2.N* by 


1M. E. Fitzgerald has recently described the naphthalene-8-sulfonate 
of dl-leucine (2). 

*The naphthalenesulfonyl derivatives are sometimes called naph- 
thalenesulfonates. In order to avoid confusion, however, the latter desig- 
nation should be reserved only for the true salts. The p-toluenesulfony! 
amino acids are now usually designated the tosyl amino acids. Similarly, 
the 8-naphthalenesulfonyl derivatives may be called nasyl amino acids; 
the amino acid naphthalene-8-sulfonates, on the other hand, may be desig- 
nated the amino acid nasylates. 

* With respect to the degree of ionization see (3). 
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the concentration of the nasylate ions CyH;7O3S~, as expressed 
in Equation 1. 
&K = constant (1) 


The value of the constant varies with the experimental conditions. 
The constant for /-leucine nasylate in 0.5 N HCI at 0° was found to 
be 6.58 K 10-4. In the presence of about 22 per cent of d-leucine, 
the constant for /-leucine nasylate was found to be 6.84 & 10°¢. 
From these values it may readily be calculated that 0.5 N HC! at 
0° dissolves about 0.93 per cent of /-leucine nasylate. 

An equation of the same type as Equation 1 is valid for the 
solubility of /-phenylalanine nasylate. The constant for the 
solubility in 0.56 N HCI at 0° was found to be 3.03 K 10-4. Hence 
at 0°, 0.5 N HCI dissolves 0.65 per cent of l-phenylalanine nasylate. 

l-Arginine forms a dinasylate as well as a mononasylate. Ata 
strongly acidic reaction the dinasylate is much less soluble than is 
the mononasylate, and it is therefore precipitated from an acidic 
solution of arginine, even when less than | equivalent of naphtha- 
lenesulfoniec acid is present. The dinasylate, when treated in 
methanol solution with a base such as pyridine, easily gives off 1 
equivalent of sulfonic acid, and arginine mononasylate separates 
out. The mononasylate can be reerystallized from its aqueous 
solution by addition of alcohol. If, however, a strong acid is 
added to the aqueous solution of the mononasylate, the dinasylate 
of arginine immediately separates out, half of the arginine remain- 
ing in solution as a salt with the acid added. 

The precipitation of arginine dinasylate is governed by a solu- 
bility product which is composed of three factors and which is 
approximately a constant, as described in Equation 2. 


[CioH7O;S~ |? = constant (2) 


For solutions of l-arginine dinasylate in N HC] at 0°, the solubility 

constant was found to be 2.29 K 10°. From this value it follows 

that N HC] at 0° dissolves 1.68 per cent of l-arginine dinasylate. 
l-Histidine also forms two nasylates. 

The constancy of the solubility products as expressed by Kqua- 
tions 1 and 2 permits the determination of leucine, phenylalanine, 
and arginine to be made with the recently described solubility 
method (3). Free naphthalene-§-sulfonic acid or its ammonium 
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salt may be used as the precipitating agent. The results of several 
determinations of this kind with test solutions of l-leucine, l-phen- 
ylalanine, and l-arginine are reported in Table I. 


TABLE I 
Determination of Several Amino Acids As Naphthalene-8-Sulfonates 


Aver- 


Amino acid Reagent Constant | 
ery 
per cent 
l-Arginine HCl in Naphthalene-8- 0.0045050.00437 2.27 10°5— 
75 ce. N HCl sulfonic acid 0.00437 2.32 X 107° 97.1 
0.00437 2.45 10°5 
| 0.00437 2.15 K 10°5 98.5 
0.00421 2.34 1075 
Ammonium salt 0.004500 0.00462 2.77 107° | 
of naphthalene- 0.00457 2.71 K 10-5 102.0 
8-sulfonic acid | ().00457 2.67 K 10°5 | 
l-Arginine HC] in 0.00399 0.00392 1.67 1075. 98 9 
75 cc. 0.5 N HC] Be 2 
l-Phenylalanine 0.00549 0.00540, 2.93 K 1074 
in 75 ec. 0.5 N 0.00539 3.00 X 10° 98.3 
HC! 0.00539 3.06 1074 
0.00544 3.05 K 10-* 99.3 
0.00543 3.13 10°74 
l-Leucine in 75 cc. Naphthalene-s- 0.00601 0.00582 6.36 K 
n HC] sulfonie acid 0.00581 6.50 96.8 
| 0.00581 6.27 10-4 
l-Leucine in 75 ce. Ammonium salt 0.00551 0.00534 6.42 1074 
0.5N HC] of naphthalene- 0.00533 6.52 10-4 96.9 
8-sulfonic acid 0.00532 6.81 1074 
l-Leucine* + 0.00459 0.00449 6.69 & 
d-Leucine* in 75 0.00100 0.00442 6.77 96.3 


ec.0.56N HCl | 0.00436 7.06 K 


* (0.00359 mole of /-leucine and 0.00200 mole of inactive leucine were 
employed. 
For /-leucine. 


All the solubility constants for arginine dinasylate, determined 
in N HC! with naphthalene-8-sulfonic acid as reagent, were in good 
agreement with one another. Other solubility constants were 
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obtained, however, with ammonium nasylate as reagent in N HC, 
and still others in 0.5 nN HCl. 

It may be mentioned that ammonium nasylate, when dried at 
15 mm. and room temperature over P2O;, is anhydrous and not 
hygroscopic. The free acid, on the other hand, is hygroscopic 
when it is anhydrous; and its trihydrate, which is usually obtained 
from strong hydrochloric acid solutions, is stable only within a 
rather limited range of atmospheric humidity. It was found 
preferable, therefore, to use the ammonium salt as reagent. It 
has a solubility product of about 3.0 kK 10°‘ in nN HCl. 

When J/-leucine is determined as nasylate in the presence of 
relatively small amounts of d-leucine, only the J form is precip- 
itated. The fact that in a mixture of l- and d-leucine the total 
amount of l-leucine participates in the establishment of the solu- 
bility product is proof that d-leucine and [-leucine are present as 
separate antipodes in the acidic solution. 

l-Leucine, when obtained from protein hydrolysates by the 
established methods, is known to contain methionine. When it is 
obtained by the ester method, the crude leucine contains also 
isoleucine and valine (4). The nasylates of isoleucine and of 
valine are much more soluble than is /-leucine nasylate and there- 
fore do not accompany the leucine nasylate when it is precipitated 
from protein hydrolysates. Such precipitates are also free of 
methionine. In addition, the precipitation of leucine as nasylate 
is, as we have found, the most convenient method of freeing com- 
mercial leucine preparations of their content of methionine and of 
obtaining the leucine in a state of high purity. 

Naphthalene-§-sulfonic acid also forms crystalline salts with 
peptides. The solubility of these peptide nasylates varies 
widely, depending upon the nature of the peptide involved. For 
example, the salt of glyeyl-l-leucine is rather sparingly soluble in 
water and dilute hydrochloric acid, whereas the salt of the isomeric 
l-leucylglycine does not separate out under the same conditions. 
At 0°, nN hydrochloric acid dissolved 1.38 per cent of glycyl-l-leucine 
nasylate. It is obvious that naphthalene-6-sulfonic acid may be 
used for the isolation and determination of peptides that form 
sparingly soluble nasylates. 

In conclusion it may be mentioned that flavianic acid forms 
rather sparingly soluble salts with leucine, phenylalanine, tyrosine, 
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cystine, and tryptophane, in addition to the familiar salts with 
basic amino acids. Similar amino acid salts may be obtained with 
a number of other acids; for example, 2-naphtholazobenzene-p- 
sulfonic acid, 4-nitro-4’-methyldiphenylamine-3-sulfonie acid, and 
anthraquinone-§-sulfonic acid. The solubility of these salts has 
been found to obey the law of the constancy of the solubility 
product. Their application to the determination of amino acids 
is under investigation. 


The authors wish to express their thanks to Mr. Stephen M. 
Nagy for his valuable assistance in this investigation. 


EXPERIMENTAL 
Salts of Naphthalene-B-Sulfonic Acid 


Ammonium Salt—This salt was deseribed by Witt (5); his 
analysis, however, was incomplete and somewhat off. 


C,oH::O3NS. Calculated. C 53.3, H 4.9, N 6.2 
225.3 Found. 


l-Leucine Salt-—A hot solution of 2.6 gm. of l-leucine in 25 ce. 
of N HCI was added to a hot solution of 6.5 gm. of naphthalene-- 
sulfonic acid in 25 ce. of water. On cooling, colorless rods crystal- 
lized. Yield, 6.7 gm., corresponding to 94 per cent of the theory. 
For analysis the salt was recrystallized from hot water. M.p., 
187.5-189° with decomposition. 

(357.4) 


Calculated. C 53.8, H 6.4, N 3.9, NH.-N 3.9, 8 9.0, HO 5.0 


Drying over CaCl, + KOH did not change the composition. 

l-Phenylalanine Salt—-The preparation was similar to that of the 
leucine salt. The long needles obtained were dried over P2O; and 
KOH. M.p., 232-233° with decomposition. 


CyH:,0.N-CiopHsO3S. Calculated. C 61.1, H 5.1, N 3.8 


l-Arginine Salt—From 4.2 gm. of l-arginine monohydrochloride 
in 40 ec. of water and 12 gm. of naphthalene-§-sulfonic acid in 40 
ec. of water there were obtained 14.2 gm. of arginine dinasylate, 
corresponding to 96 per cent of the theory. Short, colorless prisms 


: 
i 
| 
; 


614 Naphthalene-6-Sulfonic Acid 


were obtained. The salt was recrystallized from water and dried 
over P,O; and KOH at 20°. M.p., 209-211° with decomposition. 


Calculated. C 52.9, H 5.1, N 9.5, N H.-N 2.4 
590.7 Found. —_ 2.4 


3.5 gm. of arginine dinasylate were treated with 20 ec. of abso- 
lute methanol and 1.5 cc. of pyridine. The dinasylate dissolved, 
after which the solution instantaneously became solid with the 
long colorless needles of the mononasylate of arginine. The 
product was filtered off after several hours and washed with 
methanol and then with ether. Yield, 2.1 gm., corresponding to 
94 per cent of the theory. M.p., 243° with decomposition. 


Calculated. N 14.7, NHo-N 3.7 
382.4 Found. on 3.7 


When 2.1 gm. of this mononasylate were dissolved in 12.5 ec. of 
cold Nn HCl, the erystallization of arginine dinasylate started at 
once. Yield, 1.41 gm., containing 9.6 per cent of nitrogen. The 
mother liquor gave, upon the addition of 1.5 gm. of naphthalene- 
8-sulfonic acid, another 1.4 gm. of dinasylate. 

l-Histidine Salt—To a solution of 5.7 gm. of l-histidine mono- 
hydrochloride in 25 cc. of water was added a hot solution of 14.1 
gm. of ammonium nasylate in 100 ec. of 0.5N HCI. After 48 hours 
at 0°, the colorless prisms of the histidine dinasylate were filtered 
off and dried in vacuo over P.O; at room temperature. Yield, 
14.4 gm., corresponding to 85 per cent of the theory. A sample 
was recrystallized from water and dried in vacuo over P2O; at 
room temperature. M.p., 265° with decomposition. 


C,H Calculated. 54.6, H 4.4, N 7.35 
571.6 Found. 54.4, ** 4.4, 7.35 


3.6 gm. of the dinasylate were treated with 20 cc. of absolute 
methanol and 1.5 ec. of pyridine. The dinasylate dissolved, 20 ce. 
of absolute ethanol were added, and after 48 hours at 0° the L- 
histidine mononasylate was filtered off, and washed with a little 
cold ethanol and ether. Yield, 1.9 gm., corresponding to 83 per 
cent of the theory. The salt, consisting of fine needles, was re- 
crystallized from a minimum of water with the addition of an 
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excess of ethanol and was dried over P:O 5 7n vacuo at 20°. Yield, 
1.5 gm. M.p., 206-207° with decomposition. 


CeH,O2N3:CioHsO,8. Calculated. C 52.9, H 4.7, N 11.6 


rlycyl-l-Leucine Salt*—1.883 gm. of glycyl-l-leucine (Roche) 
and 2.620 gm. of naphthalene-§-sulfonic acid were dissolved in 150 
ec. of N HCl. After 72 hours constant agitation at 0°, 2.248 gm. 
of the nasylate were obtained. Yield, 49 per cent of the theory. 
The solubility product constant found under these conditions was 
about 1.21 & 10° per liter. M.p., 211-212° with decomposition. 
The compound was recrystallized from water and dried over CaCl, 
and KOH. 


Calculated. © 54.5, H 6.1, N 


Preparation of l-Phenylalanine 


400 gm. of acetyl-l-phenylalanyl-/-glutamic acid, prepared 
according to Bergmann, Stern, and Witte (6),° were boiled with 
3 liters of concentrated HCl for 3 hours under a reflux. The 
solution was evaporated to dryness under reduced pressure, the 
residue dissolved in 1300 ec. of hot water, and the solution added 
to a hot solution of 380 gm. of naphthalene-§-sulfonic acid in 250 
ec. of water. On cooling, l-phenylalanine nasylate separated out. 
After 24 hours at 0°, it was filtered off, washed with ice water, and 
recrystallized from 1500 ce. of water. Yield, 372 gm., correspond- 
ing to 84 per cent of the theory. 

This nasylate was treated with 1.5 liters of absolute alcohol 
and 300 ec. of pyridine at 20° for 2 days with frequent shaking. 
The precipitated l-phenylalanine was filtered with suction, washed 
with absolute alcohol, and resuspended in a mixture of 1500 cc. 
of absolute alcohol and 225 cc. of pyridine. After 24 hours at 


‘In order to conserve the peptide, the preparation of the salt and the 
solubility determination were carried out in one operation. 

* This compound containing the residue of the natural glutamic acid was 
originally called acetyl-l-phenylalanyl-d-glutamic acid. Since that time 
the designation of the natural glutamic acid has been changed to I[-glu- 
tamic acid. 
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20° the phenylalanine was filtered, washed with alcohol and ether, 
and dried. Yield, 122 gm., corresponding to 74 per cent of the 
phenylalanine originally employed as nasylate. It was recrystal- 
lized from water. 

CoH,O.N (165.1). Caleulated, C 65.41, H 6.7; found, C 65.45, H 6.7 

(2 dm. tube) = —34.6° (2% in water) 

The values reported in the literature for the rotation of [-phen- 
ylalanine from synthetic and natural sources vary between —35.1° 
and —40.3° (7-9). In view of these discrepancies, it was deemed 
advisable to determine the /-phenylalanine content of our prepara- 
tion mentioned above; this was found to be 98.8 per cent (average 
of six precipitations). It appears, therefore, that the rotation of 
pure /-phenylalanine must be close to 35°. 


Preparation of Pure l-Leucine 


As starting material, /-leucine (Roche) was employed. Analysis 


of this material by the solubility method indicated an /-leucine — 


content of 88.2 per cent. 

To a hot solution of 100 gm. of l-leucine (Roche) in 825 ec. of 
N HCl! was added a hot solution of 186 gm. of naphthalene-s- 
sulfonic acid in 175 ec. of water. After 24 hours at 0°, the I- 
leucine nasylate was filtered off and recrystallized three times from 
water —first from a volume of 900 cc., then from a volume of 700 
ec., and finally from a volume of 550 ec. The salt was dried on 
clay at room temperature. Yield, 220 gm. 

220 gm. of l-leucine nasylate were suspended in 900 ce. of abso- 
lute ethanol and 180 ee. of pyridine were added. After 2 days at 
room temperature, the precipitate of /-leucine was filtered off, 
washed with absolute ethanol, and resuspended, still wet, in 900 ce. 
of absolute aleohol and 135 cc. of pyridine. After 1 day at room 
temperature, the l-leucine was filtered off, washed with absolute 
ethanol and ether, and dried. 

The crude l-leucine was recrystallized from 1600 ce. of water 
to which 800 ec. of ethanol were added. After 48 hours at 0° the 
pure compound was filtered, washed with ice water, and dried 
over P2O; in vacuo at 20°. Yield, 53 gm., corresponding to 59 
per cent of the l-leucine present in the original commercial prep- 
aration. 


fa] (2 dm. tube) = +15.33° (4.8% solution in 21% HCl) 
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This L-leucine contained no sulfur. An analysis by means of 
the solubility method indicated an /-leucine content of 97 per cent. 

Fox (10) has described the preparation of methionine-free l- 
leucine through the formyl derivative. His yield was about the 
same as that reported here. 


Determinations of Amino Acids by Solubility Method 


The determination of /-phenylalanine, as nasylate, may be 
described as an example. 

Three 15 ce. samples of a solution, each containing 0.906 gm. 
(0.00549 mole) of /-phenylalanine (synthetic) in 0.5 N HCl, were 
added to 1.004 gm., 1.254 gm., and 1.509 gm. samples of am- 
monium nasylate each dissolved in 60 cc. of 0.56 N HCl. The 
mixtures were continuously agitated at exactly 0° for 3 days. 
The precipitates were collected at 0° on crucibles with a sintered 
glass plate. The crucibles were allowed to warm up to room 
temperature, the outside was wiped free of casual moisture, and 
the crucibles were weighed. They were then dried over P.O; 
and KOH in vacuo at 20° to constant weight. 

Inasmuch as it is impossible to wash the precipitates in order 
to free them of mother liquor, a correction, as described in the 
preceding paper (11), was applied to the weights of the precipitates 
in order to correct for the weight of solid in the mother liquor they 
retained. The wet precipitates weighed 1.903 gm., 2.318 gm., 
and 2.704 gm.; the dry precipitates weighed 1.338 gm., 1.582 gm.., 
and 1.741 gm. ‘The loss of weight on drying, therefore, was 0.565 
gm., 0.736 gm., and 0.963 gm., respectively. The corrected dry 
weights of these precipitates then become 1.332 gm., 1.574 gm., 
and 1.730 gm. From these data, it is possible to calculate the 
three values 0.00544, 0.00543, and 0.00547 for the moles of /- 
phenylalanine in each aliquot. The average, 0.00545 mole, is 
99.3 per cent of the /-phenylalanine originally employed. 

The results of this and subsequent experiments with l-leucine, 
l-arginine, l-phenylalanine, and mixtures of /- and dl-leucine will 


be found in Table I. 
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ON LYSOPHOSPHATIDES* 
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The starting point for the present study was the interest which 
attaches to the function of cephalin in blood clotting. As is well 
known, cephalin both in the free state and in combination with a 
protein is able to act as a thromboplastic factor; it accelerates the 
clotting of blood. While it is not yet possible to state definitely 
which chemical function of the cephalin molecule is responsible 
for its activating effect, there are certain requisites for the activity 
of cephalin preparations which have been discussed elsewhere 
(1). One of these appears to be the presence of unsaturated fatty 
acids in the cephalin molecule. 

Snake venoms are known to contain an enzyme complex which 
effects the removal of unsaturated fatty acids from phosphatides, 
thereby giving rise to the so called lysophosphatides which are 
powerful hemolytic agents. (Summaries of our present knowledge 
of this subject will be found in references (2) and (3).) According 
to Billing (4) (compare also (5)) the thromboplastic activity of 
cephalin emulsions is destroyed by treatment with rattlesnake 
venom. The inactivation of ““cytozyme”’ by cobra venom has like- 
wise been reported (6, 7). 

Astonishingly enough, with the exception of the work on the 
action of snake venoms on egg yolks, in practically no case in 
which the appearance of hemolytic substances or the disappearance 
of the thromboplastic action was reported was an attempt made 
to isolate and characterize the compounds formed under the in- 
fluence of the venoms. It, therefore, appeared of interest to 
investigate the manner in which lysophosphatides were produced 


* This work has been supported by a grant from the John and Mary R. 
Markle Foundation. 
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by snake venoms from various substrates and the influence of 
these compounds on the blood clotting mechanism. 


EXPERIMENTAL 


The venoms used were those of the cottonmouth moccasin 
snake (Ancistrodon piscivorus), the cobra (Naza flava), and the 
fer-de-lance (Bothrops atrox)." 


Methods 


The iodine values of the various compounds were determined 
by a micromodification of the method of Rosenmund and Kuhn- 
henn (8) in which between 20 and 30 mg. of material were used. 

Since, in contrast to the phosphatides, it is not possible to dis- 
solve the lysophosphatides in glacial acetic acid, the determination 
of the amino nitrogen was in our first experiments carried out ac- 
cording to King and Dolan (9) by hydrolyzing the samples with 
dilute aqueous hydrochloric acid and estimating the amino nitro- 
gen content of the aqueous filtrate from the fatty acids according 
to the Van. Slyke method. It was later found that this rather 
time-consuming procedure could be replaced by a simpler one 
which gave satisfactory results. Between 25 and 50 mg. of the 
lysophosphatide sample were placed in a small test-tube, 1.5 cee. 
of 5 per cent aqueous trichloroacetic acid were added, and the 
mixture warmed. ‘There occurred rapid hydrolysis. After cool- 
ing, the supernatant was drawn off the solid fatty acid layer which 
was twice washed with 0.5 cc. portions of hot 5 per cent trichloro- 
acetic acid. The combined aqueous solutions were transferred 
to the Van Slyke apparatus and analyzed in the usual manner. 
It might be pointed out that with ordinary phosphatides too low 
values were obtained by this method. 

The measurements of the plasma clotting time were carried 
out according to the method described previously (1), with chicken 
plasma as substrate. 


' For the specimen of moccasin venom used we wish to thank Dr. 8S. M. 
Peck and Dr. W. Marx of the Mount Sinai Hospital, New York. For the 
two other venoms we are obliged to the courtesy of Dr. John Reichel of the 
Mulford Biological Laboratories, Sharp and Dohme, Glenolden, Pennsy!l- 
vania. 
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Action of Various Snake Venoms on Egq Yolks 


The comparative experiments on the production of lysophos- 
phatides from egg yolks by different snake venoms were carried 
out essentially according to Levene and collaborators (10) (com- 
pare also (9)). Batches of twenty egg yolks, after being washed 
under running water and the membrane punctured, were sus- 
pended in 600 ec. of 0.1 M sodium phosphate buffer of pH 7.0; 
the snake venoms, dissolved in a few cc. of the buffer, were added 
and the mixture, protected by a few drops of chloroform-toluene, 
was kept in the incubator with occasional stirring. The proteins 
then were precipitated with alcohol, the aleoholic extracts con- 
ecentrated tn vacuo, and the residues converted into the CdCl 


TABLE I 
Formation of Lysophosphatides by Action of Snake Venoms on Egg Yolks 
In each experiment twenty egg yolks were emulsified in 600 ce. of sodium 
phosphate buffer at pH 7.0. 


Snake venom Incubation 
Experiment Lysophos- Amino 
No. phatides nitrogen 
mg n° hr qm per cent of 
Moccasin 50) 30) 22 7.0 31.8 
2 35 3s 22 18.5 29.8 
Fer-de-lance 10) 22 13.8 24.5 
22 20.1 


4 Cobra 10 38 


double salts in the usual manner. These were split with dry am- 
monia and the lysophosphatides purified by repeated precipitation 
from their chloroform solutions with ether and finally with acetone. 

The yields obtained in the various experiments and some of 
the characteristics of the fractions are contained in Table I. 


Formation of Lysophosphatides from Heat-Coagulated Eqq Yolks 


In order to test the possibility that the high yield of lyso- 
phosphatides from yolk phosphatides, when compared with other 
substrates, was due to a factor contained in the yolks or to the 
type of binding in which the yolk phosphatides were associated 
with the yolk proteins, experiments with boiled egg yolks were 
carried out. 
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In one experiment two eggs were heated in boiling water for a 
half hour, the heat-coagulated yolks were emulsified in sodium 
phosphate buffer at pH 7.0, treated with 7 mg. of moccasin venom, 
and the lysophosphatides were isolated and purified in the usual 
manner. The lysophosphatides were obtained as a white powder, 
weighing 1.30 gm. They contained 31.1 per cent of their nitrogen 
in the form of amino nitrogen. 


TABLE II 


Comparison between Lysophosphatides Formed from Fresh and from Heat- 
Coagulated Egg Yolks by Moccasin Snake Venom 


Nx Lyso- 
yolks om pha- phorus gen value Nil 
tides 
per cent 
per per per 
=e ia cent cent cent of total 


2 6 1.10 | 5.7 2.9 ; 34.4 2.4 1:0.9 


Fresh 2 
Heat-coagulated 3 8.0 4.9 4.2 


In another experiment the products obtained from fresh yolks 
and heat-coagulated yolks were compared under exactly the same 
conditions. The results obtained are reported in ‘Table II. 


Formation of Lysophosphatides from Phosphatides 


Lecithin—-A number of experiments were carried out with fresh 
preparations of lecithin from beef brain, pig brain, and from egg 
yolks which had been purified by way of their CdCl: double salts. 
In each experiment 1.00 gm. of lecithin was emulsified in 40 ee. 
of sodium phosphate buffer at pH 7.0, 5 drops of a chloroform- 
toluene mixture (1:1) and 3 mg. of moccasin snake venom, dis- 
solved in | ec. of buffer, were added, and the mixture was incubated 
at 38° for 24 hours. 3 volumes of acetone were then added, and 
the precipitate, after thorough chilling, was centrifuged off. 
The dried precipitate was extracted with chloroform and the lyso- 
phosphatides formed were precipitated from the filtered chloro- 
form solution by the addition of 3 to 4 volumes of ether. The 
mixture was chilled overnight, and the precipitate centrifuged off 
and purified by precipitation with acetone from its solution in 
chloroform. Subsequent crystallization from glacial acetic acid 
or from pyridine was accompanied by considerable losses. 
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In this manner lysolecithin was invariably obtained in yields 
ranging between 15 and 50 per cent of the lecithin employed. 
Several representative analyses are reproduced in Table III. It 
will be seen that by this procedure pure lysolecithin can be ob- 
tained. It is remarkable that all lysolecithin preparations were 
purer than the lecithin fractions from which they had been ob- 
tained, the amino nitrogen content, which is a measure of the 
amount of lysocephalin (or cephalin) present, being considerably 
lower in all cases. The lysolecithin preparations were strongly 
hemolytic. 


TABLE III 


Formation of Lysolecithin from Lecithin by Moccasin Snake Venom 


er cent 
Lecithin from beef brain 3.7 | 4.2 | 35.4 1:0.9 
2 Lysolecithin from Prepara- 6.2 2.9 2.3 | 1:1 
tion 1 
3 Lecithin from beef brain 3.6 1.9 | 0.26 | 13.3 | 5.7 | 1:0.9 
4 Lysolecithin from Prepara- 6.2 $3.0 0.11 3.7 1.5 | 1:0.9 
tion 3 | 
5 Lecithin from egg yolks 4.60 1.7|6.36) O44 23.3 
6 Lysolecithin from Prepara- 5.9 2.4 0.08 3.3 5.9. 1:1.1 
tion 5 


Calculated for palmityl lysolecithin, CosHsOsNP (mol. wt. 513.4), 
P 6.05, N 2.73. 
Calculated for stearyl lysolecithin, CosHssOsNP (mol. wt. 541.4), P 5.73, 


N 2.59. 


It appeared of interest to follow the fate of that portion of the 
lecithin which had not been converted into lysolecithin. Since 
the lecithin fractions probably represent mixtures of different 
lecithins, it could be assumed that certain, e.g. the more highly 
unsaturated, fatty acids would be preferentially attacked by the 
enzyme of the snake venom. ‘This does not seem to be the case. 
In one experiment 3.00 gm. of pig brain lecithin with the iodine 
value 52.6 yielded 1.3 gm. of lysolecithin. Of the unattacked 
lecithin 600 mg. could be recovered, which had the iodine value 
46.1. In another experiment a lecithin sample from beef brain 
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(Experiment 3 in Table III) was used. The unsplit lecithin re- 
covered had the following analytical figures: P 4.2, N 1.9, amino 
nitrogen 0.2, iodine value 54.2. Obviously no fractionation of the 
lecithin takes place in the course of the formation of lysolecithin. 

In view of the report by Contardi and Latzer (11) concerning 
the comparative ease with which the cadmium chloride double 
salt of lecithin is split by snake venoms, experiments were carried 
out with a compound of this nature which had been purified by 
crystallization from ethyl acetate-alcohol. From 1.0 gm. of this 
substance 210 mg. of lysolecithin were produced by the action of 
moccasin venom, a yield no larger than that obtained from free 
lecithin as substrate. 

Attempts to increase the amount of lysolecithin formed from 
brain lecithin by emulsifying the latter in egg white were not suc- 
cessful. From 1.0 gm. of beef brain lecithin which had been 
thoroughly mixed with the white of one egg 135 mg. of lysolecithin 
were obtained by the action of moccasin venom. 

Cephalin— In sharp contrast to the experiments with lecithin 
reported here, in no case in which emulsions of purified cephalin 
were exposed to the action of moccasin venom could even small 
amounts of lysocephalin be isolated. In these experiments three 
different brain cephalin preparations were used as well as cephalins 
prepared from soy beans, cotton seed, and yeast. The experi- 
ments were carried out as described above for lecithin. In all 
cases in which the attempt was made, cephalin with unchanged 
analytical figures could be recovered almost quantitatively. 

When 1.0 gm. of cephalin was mixed with 100 mg. of egg lecithin 
or egg lysolecithin and treated with moccasin venom, no more 
lysophosphatide could be isolated than was accounted for by the 
admixed compound. The admixture of egg white, as described 
before in the case of lecithin, likewise proved ineffective. 

The existence of a CdCl. derivative of cephalin (12), correspond- 
ing to the well known lecithin double salt, is uncertain ((2) p. 105). 
An ether-soluble, cadmium-containing cephalin derivative could 
be prepared by the addition of a solution of CdCl, in hot methyl 
alcohol to a chloroform solution of cephalin and subsequent pre- 
cipitation with acetone. This material was not attacked by 
moccasin venom. 

Among other derivatives of cephalin which likewise did not yield 
lysocephalin may be mentioned the compound between cephalin 
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and egg albumin which forms at pH 3.9 (13) and the compound 
between cephalin and the protamine salmine (13). 


Action of Lysophosphatides tn Blood Clotting 


Crude lysophosphatide preparations obtained by the action of 
snake venoms on egg yolks showed not only no activating effect, 
but in most cases a slight inhibiting effect on the clotting time of 
chicken plasma. ‘This is most likely due to traces of cadmium 
salts which, as has been pointed out previously (14), cling ten- 
aciously to the lipid fractions and may give the appearance of the 
presence of anticoagulants. It is, therefore, essential to purify 


TABLE IV 
Activation of Plasma Clotting by Cephalin before and after Treatment with 
Moccasin Snake Venom 
Clotting time with cephalin 


Activator in 0.1 ec. chicken 
plasma 


Before venom treatment After venom treatment 

micrograms min. min. 
06 | 22 31 

48 44 46 

24 od 56 

12 76 

6 69 96 

0 > 130 > 130 


the material until the sensitive diphenylearbazide test for cadmium 
(15) is negative. 

10 gm. of a purified lysophosphatide preparation from egg yolks 
containing 31.8 per cent of lysocephalin on the basis of the amino 
nitrogen content (experiment 1 in Table I) were dissolved in 
25 cc. of pyridine at 60°, and a total of 15 ec. of hot acetone was 
gradually added until the hot solution remained turbid. The 
mixture was kept overnight at 38°, when a gelatinous substance 
had separated. The mother liquor was separated by decantation 
and the precipitate suspended in 25 ec. of cold pyridine-acetone 
(5:3), filtered, and washed with cold acetone. This material, 
which weighed 5.50 gm., was dissolved in 15 ee. of hot alcohol, 
and 14 cc. of hot acetone were gradually added, until the mixture 
became turbid. After chilling, the material which had separated 
was filtered and washed with cold acetone. It formed a white 
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powder weighing 3.25 gm. and contained 55.3 per cent of lyso- 
eephalin. This fraction was reprecipitated from a mixture of 35 
ec. of chloroform and 25 ec. of ethyl acetate and finally recrystal- 
lized from pyridine. Inthismanner 1.71 gm. of a microcrystalline 
white powder were obtained which contained 66.2 per cent of 
lysocephalin and was entirely free from cadmium. This sub- 
stance, when tested with chicken plasma, had no activating effect 
on the clotting time. 2 

As reported above, the treatment of cephalin emulsions with 
moceasin venom did not lead to the formation of lysocephalin. 
In several cases, however, a slight impairment, although by no 
means a destruction, of the thromboplastie activity was noticed. 
After treatment of a beef brain cephalin (iodine value 41.7) with 
moceasin venom, a cephalin preparation of unchanged composition 
(iodine value 41.4) could be recovered. The activating effect of 
these two fractions on plasma clotting is reproduced in Table IV. 


DISCUSSION 


The experiments presented in this paper concerning the forma- 
tion of lysophosphatides from egg yolks under the influence of 
different snake venoms tend to show that the proportion of 
lysocephalin formed is consistently higher in the case of the moc- 
easin snake venom than with the other venoms used. ‘The per- 
centage of lysocephalin in the lysophosphatides formed by moc- 
casin venom varied between 30 and 34 per cent. The results 
obtained with the other venoms are in good agreement with the 
findings of other workers. Levene, Rolf, and Simms (10) obtained 
22 per cent of lysocephalin by the action of cobra venom; King 
and Dolan (9) 23 per cent by the action of fer-de-lance venom. 
The corresponding figures observed in the present study are 20 
and 24.5 per cent respectively. 

According to Peck and Marx (16) the hemolysin of the moccasin 
snake venom is rapidly destroyed at 37°. This finding obviously - 
eannot be correlated with the production of lysophosphatides, 
since incubation at 30° gave rise to a considerably smaller amount 
of lysophosphatides than was obtained at 38° (Experiment 1 
in Table I). 

The failure of cephalin to be converted into lysocephalin, which 
is in contradistinetion to the ready susceptibility of lecithin, is 
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another instance of the far reaching differences between lecithin 
and cephalin with regard to biological systems emphasized in 
recent publications from this laboratory (13, 17). This divergent 
reactivity of cephalin can obviously not be attributed to the 
necessity of the formation of a cephaloprotein as a prerequisite 
for the attack by the snake venom, since, as has been shown in 
the present study, such compounds do not give rise to lysoceph- 
alin; nor can it be due to an inductive effect of lecithin or lysoleci- 
thin. The occurrence of a heat-labile, contributory factor con- 
tained in egg yolks or of a heat-labile, special type of binding 
between the yolk phosphatides and proteins, which would be neces- 
sary for the splitting, is also made improbable. An attempt to 
advance an explanation for this phenomenon would clearly be 
premature. It should, however, be pointed out that the amount 
of phosphatides, which can be isolated from venom-treated egg 
yolks in the form of their lyso compounds, is markedly higher than 
that of genuine phosphatides from untreated yolks. The state 
in which the phosphatides, and especially the cephalin, occur in 
egg yolks is by no means clearly established. 

The answer as to the action of lysophosphatides in blood clotting 
is much more clear cut: both lysolecithin and lysocephalin are 
entirely inactive. 


SUMMARY 


The action of moccasin, cobra, and fer-de-lance venoms on egg 
yolks, free lecithin and cephalin, and derivatives of these phos- 
phatides has been studied. In contrast to the thromboplastic 
effect of cephalin, lysocephalin lacks any influence on the blood 
clotting mechanism. 3 
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THE ROLE OF GLUCOSE-1-PHOSPHATE IN THE 
FORMATION OF BLOOD SUGAR AND SYN- 
THESIS OF GLYCOGEN IN THE LIVER* 


By GERTY T. CORI, CARL F. CORI, ann GERHARD SCHMIDT 


(From the Department of Pharmacology, Washington U —* School 
of Medicine, St. Louis) 


(Received for publication, June 13, 1939) 


Up to the present it has been assumed that the blood sugar is 
formed from liver glycogen by a diastatic enzyme. The break- 
down of glycogen by animal diastases in vitro leads to the formation 
of dextrins of varying chain lengths, of non-fermentable reduéing 
substances, and of maltose (1, 2). Considerable amounts of 
glucose are found in the reaction mixture only after long periods 
of incubation with strong enzyme solutions (2). On the basis of 
these findings it is difficult to explain the fact that glucose is the 
sole product of glycogen breakdown in the liver, unless one makes 
the additional] assumption that the diastatic activity in the intact 
cell is so coordinated that intermediary products between glycogen 
and glucose do not accumulate. 

Recent studies (3) of the initial stages of glycogen degradation 
in various tissues (muscle, heart, liver, brain) have shown that 
there is present a phosphorylating enzyme which catalyzes the 
reaction: 


Glycogen + H;PO, — glucose-l-phosphate (1) 


The second enzymatic step in the degradation of glycogen is 
the conversion of glucose-l- to glucose-6-phosphate by the phos- 
phoglucomutase (4). It is at this point that the enzymatic proc- 
esses in muscle and liver diverge, owing to the presence in the liver 
of a phosphatase which splits hexosemonophosphate to glucose 
and inorganic phosphate. It has been suggested that blood sugar 
is formed by the combined action of the liver phosphorylase and 


* This work was supported by a research grant from the Rockefeller 
Foundation. 
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phosphatase (5). Additional evidence in support of this concept 
will be presented in this paper. 

The reversibility of reaction (1) has been demonstrated in muscle 
extracts after separation of the phosphorylase from other enzymes 
(6). In the present paper glycogen synthesis from glucose-|- 
phosphate is shown to occur with a purified liver phosphorylase. 


EXPERIMENTAL 


The excised livers of well fed rabbits were perfused with cold 
Ringer’s solution until most of the blood was removed. The liver 
was cooled, ground with sand, and extracted with 1 volume of 
ice-cold distilled water or Ringer’s solution. Second and third 
extractions of the liver residue still showed considerable phos- 
phorylase activity. Experiments were started immediately after 
centrifugation of the extract, because the enzyme preparations 
from liver, in contrast to those from other tissues, are unstable. 
Livers of fasted rabbits gave less potent extracts than those of 
well fed ones. In some cases the extracts were dialyzed for 4 
hours in thin collodion sacs in order to remove inorganic and 
organic phosphates. There was always a loss of enzyme activity 
during that period, even though the temperature was kept at 5°. 

A partial separation of the liver phosphorylase from other en- 
zymes was effected by adsorbing it with 0.5 volume of aluminum 
hydroxide (Cy). The centrifuged adsorbate was washed with 
water and eluted with 0.5 volume of 0.3 m disodium phosphate or 
of 0.25 m sodium glycerophosphate. The elutions were adjusted to 
pH 7. Addition of ammonium sulfate to the elutions to 0.3 satu- 
ration gave a flocculent precipitate. After the material had stood 
overnight in the refrigerator, the precipitate was centrifuged off 
and dissolved in 0.5 per cent KCl or (NH4)2SO,. This enzyme 
solution was free of phosphatase and phosphoglucomutase. 

The additions! made to the enzyme solutions and other experi- 
mental conditions are given in Table I and Figs. 1 and 2. Im- 
mediately after the reaction mixture had been prepared, and at 
stated intervals, aliquots were removed for the determination of 
glycogen, fermentable sugar, and inorganic phosphate. The 
methods used have been described previously (5). The accumula- 


' In the case of the livers of well fed animals enough glycogen was ex- 
tracted to make its addition unnecessary. 
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tion of hexosemonophosphate was calculated from the disappear- 
ance of inorganic phosphate. This was done on the basis of 
previous experiments (7) in which a satisfactory agreement was 
obtained between the calculated value and that obtained by the 
determination of the organic P (and reducing power) in the isolated 
hexosemonophosphate fraction. 

Diastatic Activity—The disappearance of glycogen in dialyzed 
liver extracts in which only traces of inorganic phosphate (less 
than 1 mM) are present may be regarded as being due mainly to 
diastatic activity. Experiments 1, 2, 5, and 6, Table I, show that 
only small amounts of glycogen disappear without the addition 
of inorganic phosphate to the reaction mixture. In non-dialyzed 
extracts (Experiments 7 to 11, Table I) this disappearance of 
glycogen is larger, due in part at least to the presence of more 
inorganic phosphate (about 3 to 6 mM); some glycogen is thereby 
broken down through the action of the phosphorylase. Daven- 
port’s (8) finding that extracts of perfused rabbit liver contain 
little diastase is confirmed by these observations. Extracts of 
perfused rat liver show more diastatic activity than those of rabbit 
liver. An explanation of this difference is found in the fact that 
rat blood contains 10 times as much diastase as rabbit blood (de- 
termined by Somogyi’s method (9)) and that it is impossible to 
remove all the blood from an organ by perfusion. Other labo- 
ratory animals also showed a higher blood diastase than the 
rabbit. 

In order to test the possibility that liver cells contain a diastase 
which is difficult to extract by ordinary means, press-juices were 
prepared in a hydraulic press from ground rabbit liver mixed with 
diatomaceous earth and sand. The diastatic activity of the press- 
juice was marked when the liver had not been perfused, exceeding 
that found in an equal volume of blood. After perfusion of the 
liver and one extraction of the ground liver with an equal volume 
of Ringer’s solution, the press-juice prepared from the liver residue 
showed only weak diastatic activity. The diastatie activity of 
liver extracts is attributed mainly to the blood contained in them, 
and it seems doubtful that an active diastase is present in the liver 
cell. 

Phosphorylase Activity—-When inorganic phosphate and adenylic 
acid are added to liver extracts, the disappearance of glycogen is 
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TABLE | 
Formation of Hexosemonophesphate and Fermentable Sugar in Liver Extract 


The reaction mixture consisted of 2 parts of dialyzed (or undialyzed) 
extract and 1 part of additions; it contained 0.05 mM phosphate buffer of 
pH 7.2, 1 per cent glycogen, 0.001 mM adenylic acid, and 0.01 m MgSQ,, 
except as noted. The mixture was incubated for 1 hour at 37°. 

The values are given in mg. per 10 cc. of mixture. 


 Hexose- | 
Ferment- Glycogen Glycogen 


Experi- mono- 
(as hexose) | 
(1) (2) (3) (4) (5) 
per cent | 
43 51 56 91 
10 phosphate added 
2 19 6 | FF 70 O6 
6 12 No phosphate added 
3 ] 13 l4 15 93 
3,a* 13 ] 14 14 100 
4 0 20 20 2! 95 
4,a* 19 0) 19 20 95 
5 26 36 62 64 O7 
S No phosphate added 
6 l 1S 19 21 90 
5 No adenylic acid added 
| 4 ‘* phosphate added 
7t 22 29 51 
26 10 mm phlorhizin 
23 No phosphate added 
St 7 28 35 42 S3 
10 phlorhizin 
16 No phosphate added 
ae eee 36 57 63 90 | 
5 23 10 m™_ phlorhizin | 
| 10 No phosphate added 
10f 55; 62 89 
13 47 | 0.2 wm NaF 
18 phosphate added 
lit 16 51 67 | 64 104 = pH 6.5 
| phosphate added 
* Phosphatase-free enzyme solution prepared by adsorption with alumi- 


num hydroxide as described in the text. 
t Extract not dialyzed. 
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markedly increased, and the sum of the hexosemonophosphate and 
fermentable sugar formed? accounts for most of the glycogen which 
is lost (Table 1). Muscle extracts, in contrast to liver extracts, 
do not contain an active phosphatase, and in them the formation 
of hexosemonophosphate alone accounts for the glycogen which 
disappears (7). ‘This is also the case in Experiments 3,a and 4,a, 
Table I, in which the phosphorylase in the liver extract was ad- 
sorbed with aluminum hydroxide and then eluted with secondary 
phosphate. ‘The phosphatase which splits the hexosemonophos- 
phate to glucose and inorganic phosphate is not adsorbed and a 
separation of the two enzymatic processes involved in sugar forma- 
tion in liver extracts is thus effected. Attempts to separate the 
two enzymatic processes by means of an inhibitory action of 
fluoride on phosphatase were not successful (Experiment 10). 
It has been shown for muscle that adenylie acid acts as coenzyme 
in the phosphorylation of glycogen (11). An example of the lack 
of activity of the phosphorylase in a dialyzed liver extract to 
which no adenylic acid has been added is given in Experiment 6. 
Phlorhizin, which has been shown to inhibit almost completely 
the phosphorylation of glycogen in muscle extract, has a similar 
effect in liver extract (experiments 7, 8, and 9).® 

Time relations are shown in Fig. 1. Initially there occurred a 
more rapid rise in hexosemonophosphate than in fermentable 
sugar. After the hexosemonophosphate had reached a certain 
level, its concentration remained practically unchanged, which 
means that its formation from glycogen and inorganic phosphate 
was balanced by its hydrolysis to glucose and inorganic phos- 
phate. The sum of hexosemonophosphate and fermentable 


In a number of cases the sugar formed was subjected to the acid and 
alkaline fermentation of Somogyi (10) in order to differentiate between 
glucose and maltose, but only traces of the latter sugar could be demon- 
strated. In rat liver extract which contains more diastase than rabbit 
liver extract maltose was formed and a rise in non-fermentable reducing 
substances occurred. 

It should be noted that phlorhizin is not entirely specific as an in- 
hibitory substance, since in a concentration of 10 mM it decreases some- 
what the activity of dilute salivary or plasma diastase. It was found that 
glucose was split off from phlorhizin by an enzyme present in rat liver 
extract. 

‘It is unknown how well phosphorylase and phosphatase activities are 
coordinated in the intact liver cell, but some rise in the hexosemonophos- 
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Fic. 1. Action of liver phosphorylase. The extract was made with 
Ringer’s solution. The reaction mixture consisted of 0.05 mM phosphate 
buffer of pH 7.2, 2 per cent glycogen, 0.001 mM adenylic acid, and 0.005 mM 
MgSO, and was incubated at 37°. In the curve marked ‘‘glycogen without 
phosphate’’ the reaction mixture was the same except that phosphate 
was not added. 


phate concentration might be expected to occur during rapid glycogenoly- 
sis. This could not be tested experimentally, because a suitable method 
for the determination of this substance in liver is not available. The 
water-soluble barium salts isolated from a protein-free acid extract of 
liver contain glycerophosphate and other organic phosphates as well as 
reducing substances other than hexosemonophosphate. Determination 
of the fermentable sugar formed by the action of a phosphatase on the 
water-soluble barium salts gave a value of 24 mg. per 100 gm. of liver, 
corresponding to 4 mg. of hexosemonophosphate P which was only one- 
sixth of the total organic P present in this fraction. 
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sugar corresponded at all periods of observation to the amount of 
glycogen which disappeared. In spite of the fact that the enzymes 
are incompletely extracted from the liver and are unstable in liver 
extracts, the rate of formation of fermentable sugar was consider- 
able; in the experiment in Fig. 1 it amounted to 1.6 gm. per 100 
gm. of liver per hour during the Ist hour of incubation and to 
1.2 gm. during the 2nd hour. 

Phosphatase— In a number of experiments preparations of liver 
and intestinal phosphatase were tested with glucose-1- and glucose- 
6-phosphate and with glycerophosphate; these substrates were 
split at about the same rate. The phosphatases were purified 
by several methods, but since they were not completely separated 
from the phosphogluecomutase, the possibility that glucose-1- 
phosphate is split only after conversion to glucose-6-phosphate 
cannot be excluded. Simultaneous determinations of inorganic 
phosphate and fermentable sugar showed that both were split off 
in equivalent amounts. Free fructose was not formed by liver 
phosphatase from Embden ester (7.e., the equilibrium mixture of 
80 per cent glucose-6- and 20 per cent fructose-6-phosphate). 
Of 2.24 mg. of Embden ester P added to 7 ce. of liver extract, 1.99 
mg. of inorganic P were liberated in 90 minutes at 37°, correspond- 
ing to 11.5 mg. of glucose. The fermentable sugar formed was 
found to be 10.8 mg. and gave a negative fructose test with the 
Seliwanoff reaction as modified by Roe (12). It has been shown 
previously (13) that when fructose-6-phosphate is added to liver 
slices it is converted in a few minutes to glucose-6-phosphate 
(owing to the presence in the liver of the isomerase (14)) and is 
then split to glucose and inorganic phosphate. The fact that only 
glucose is formed by liver slices from Embden ester has also been 
observed by Goda (15). 

Polysaccharide Synthesis—Since the reaction glycogen + 
H;PO, = glucose-l-phosphate represents a reversible enzymatic 
equilibrium (Kiessling (16); Cori et al. (6)), it will go to the left 
if the concentration of glucose-1-phosphate is high relative to the 
concentration of inorganic phosphate and if there are no other 
enzymes present which remove glucose-l-phosphate. In crude 
liver extracts the phosphoglucomutase and the phosphatase re- 
move glucose-l-phosphate and thereby prevent polysaccharide 
synthesis. A method for the separation of the phosphorylase 
from these two enzymes has been described earlier in the text. 
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When glucose-l-phosphate is added to such a purified phos- 
phorylase solution (prepared from rabbit, cat, or rat liver), a 
polysaccharide is formed which is indistinguishable from glycogen 
in all chemical properties investigated so far. These include 
opalescence in aqueous solution, brown color with iodine, resist- 
ance to heating with strong alkali, precipitation by 50 per cent 
alcohol, and lack of reducing power before and formation of 
glucose after acid hydrolysis. ‘The determination of the inorganic 
phosphate liberated during the polysaccharide synthesis provides 
a convenient means of following the reaction and gives values 
which are in good agreement with the direct determination of the 
polysaccharide by Pflueger’s method for glycogen (see Fig. 2). 

The enzyme solution used in the experiment shown in Fig. 2, 
Curve B, was free of phosphatase, since inorganic phosphate was 
not liberated from glycerophosphate during 1 hour of incubation; 
it contained phosphoglucomutase which converted 32 per cent of 
the added l-ester to 6-ester during 40 minutes of incubation. 
Between 40 and 50 minutes some polysaccharide and inorganic 
phosphate disappeared owing to reversal of the reaction glycogen 
+ H;PO,; = glucose-l-phosphate, caused by removal of glucose-1- 
phosphate by the phosphoglucomutase. ‘The enzyme solutions 
for Curves A and © were free of phosphatase and phosphogluco- 
mutase. For Curve C it may be calculated that after 30 minutes 
of incubation, when equilibrium was reached, 


Concentration inorganic phosphate — 
Concentration glucose-1-phosphate 
Kiessling (16) found an equilibrium constant for the yeast phos- 
phorylase of 5.2 at 30°. In Curve A the period of incubation was 
not long enough for the attainment of equilibrium. ‘The dotted 
line in Fig. 2 shows the lack of activity of a dialyzed enzyme solu- 
tion when no adenylic acid is added. The same enzyme solution 
with 2 mm of adenylic acid converted 30 per cent of the added 
l-ester to the polysaccharide during 50 minutes of incubation. 
The dialysis was carried out on a glycerophosphate elution, which 
was then precipited with ammonium sulfate to 0.3 saturation. 
The experiments in Fig. 2 differ in two respects from similar 
experiments with muscle phosphorylase (6). The polysaccharide 
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formed by the liver enzyme gives a brown color with iodine in- 
distinguishable from that given by pure glycogen prepared from 
liver by Somogyi’s method (17), while the muscle enzyme forms a 
polysaccharide which gives a blue iodine color. There is no lag 
period in the case of the liver enzyme, while enzyme preparations 
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Fig. 2. Enzymatic synthesis of polysaccharide. Curve B was obtained 
with a glycerophosphate elution from aluminum hydroxide; Curves A and 
C with ammonium sulfate precipitates of the same elution dissolved in 
different volumes of 0.5 per cent KCl. 0.018 mole of synthetic glucose-1- 
phosphate and 0.002 mole of adenylic acid were added and the pH adjusted 
to7. The mixtures were incubated at 30°. Aliquots of the mixtures were 
analyzed for inorganic phosphate. Three points of Curve B were checked 
by glycogen determinations according to Pflueger’s method and are marked 
by crosses. The dotted line represents an experiment with a dialyzed en- 
zyme solution without addition of adenylie acid. 


from muscle show a definite lag, often as long as 20 minutes, during 
which no inorganic phosphate is liberated and no color reaction 
is obtained with iodine. 

The reversible enzymatic equilibrium between glycogen and 
glucose-l-phosphate has been demonstrated in yeast (16), muscle 
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(6), and also in heart and brain extracts.° Glucose-1-phosphate 
thus plays a central réle in the carbohydrate metabolism of various 
tissues, as shown in the following diagram. 


Liver Glycogen + H;PO, Muscle 
(phosphorylase) 


Glucose-1-phosphate 


Glucose~ (phosphatase) (phosphoglucomutase) 


+H;PO, \ | 


Glucose-6-phosphate —-~ lactic acid 


This scheme is incomplete as regards the synthesis of glycogen 
from glucose, since it is unknown whether the first product of 
phosphorylation is glucose-l- or glucose-6-phosphate. In intact 
frog muscle glycogen synthesis from glucose-6-phosphate has 
been shown to occur during oxidative recovery from previous stim- 
ulation (18). The mechanism of this process is not clear, since a 
formation of glucose-l- from glucose-6-phosphate by a reversal 
of the reaction catalyzed by the phosphoglucomutase could not be 
demonstrated in vitro. Experiments are now being undertaken 
to study these points. 


SUMMARY 


1. The diastase content of the blood of rabbits is low in com- 
parison to that of other laboratory animals (dog, guinea pig, rat). 
Extracts of perfused rabbit liver are weak in diastatic activity, as 
shown by the slow disappearance of glycogen during incubation at 
37”. 

2. When phosphate buffer and adenylic acid are added to these 
extracts, the disappearance of glycogen is markedly increased. 
Hexosemonophosphate and fermentable sugar are formed and 
their sum accounts for most of the glycogen which disappears. 
The fermentable sugar is formed from hexosemonophosphate by 
a phosphatase which can be separated from the phosphorylase by 
adsorption of the latter with aluminum hydroxide. The enzyme 
solution obtained by elution of the aluminum hydroxide with 
secondary phosphate forms only hexosemonophosphate from 


Unpublished experiments. 
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glycogen. The formation of blood sugar from liver glycogen is 
attributed to the combined action of the phosphorylase and 
phosphatase. 

3. By adsorption of the phosphorylase with aluminum hydrox- 
ide, elution with glycerophosphate and precipitation with 0.3 
saturated ammonium sulfate, an enzyme preparation has been 
obtained which is free of phosphoglucomutase and phosphatase 
and which forms a polysaccharide from added glucose-1-phosphate. 
This polysaccharide gives a brown color with iodine and is in- 
distinguishable from glycogen in other chemical properties. At 
equilibrium of the reaction, glycogen + H3PO, = glucose-1- 
phosphate, the ratio of (concentration of inorganic phosphate) to 
(concentration of glucose-1-phosphate) equals 5.1 at 30°. Adenylic 
acid is necessary for the action of the liver phosphorylase in either 
direction. 
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THE DETERMINATION OF BLOOD UREA 


By STACEY F. HOWELL 


(From the Department of Physiology and Biochemistry, Cornell University 
Medical College, Ithaca) 


(Received for publication, May 31, 1939) 


Most of the methods for the determination of urea in blood in- 
volve the use of the enzyme urease to hydrolyze the urea, since 
this reaction is specific. However, instead of crystalline urease 
(1), crude jack bean meal extracts are used. These extracts have 
been found to contain other enzymes besides urease, termed ‘‘am- 
monia-producing”’ enzymes, and their substrates, which may 
produce large quantities of ammonia when incubated with blood. 

Although the ammonia-producing enzymes are inactive at the 
pH value of jack bean meal extract, when the extract is added to 
blood the resulting digest is sufficiently alkaline to activate these 
enzymes. In order to obtain correct values for blood urea, it is 
therefore necessary to determine the value for the ammonia 
formed by the extracts when they are incubated, in the absence 
of blood, under the same conditions. Previous values published 
for blood urea have not been corrected for the ammonia produced 
by the meal enzymes. 

Since it has been found that the usual method for the deter- 
mination of urea involves a complicated procedure to correct the 
error produced by the extract, a new method for the determina- 
tion of blood urea, with jack bean meal extracts, has been devised 
wherein the ammonia-producing enzymes are inactive. The use 
of this new method in the determination of urea in human blood 
has been investigated. 

Urease powders prepared from jack bean meal have also been 
investigated. A commercial preparation of urease powder has 
been found which produces ammonia spontaneously and yields 
erroneous values when used in the determination of blood urea. 
Laboratory preparations of urease powders contain an ammonia- 
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producing enzyme-substrate system which may cause an error in 
blood urea determinations if the incubation period is prolonged. 


Source of Error in Blood Urea Determinations 


The error in blood urea determinations has been reported to be 
due to reactions when an enzyme is present in the blood and a 
substrate is present in the jack bean meal preparation, or vice 
versa. Behre (2) reported that crude soy or jack bean extracts 
contain an enzyme, other than urease, which produces ammonia 
from some unknown constituent of blood. According to Addis 
(3) and Anderson and Tompsett (4), the arginase of blood cells 
hydrolyzes the arginine present in crude jack bean meal extracts. 
Cadden (5) beheves that the enzyme canavanase of blood cells 
hydrolyzes canavanine, an amino acid in jack bean meal, to form 
ammonia. The conclusions of these and of other (6, 7) investi- 
gators are not based upon the true reason for errors in the deter- 
mination of blood urea. 

The error is not due to a reaction between an enzyme in one 
reagent and its substrate in the other, but is due to the formation 
of ammonia by an enzyme-substrate system which is present in 
the jack bean extracts. This is shown by comparing the urea 
nitrogen values obtained when one uses crystalline urease and jack 
bean meal extracts to hydrolyze the urea in beef and chicken 
bloods. Although chicken blood contains no more than a trace 
of urea (8), a considerable quantity of ammonia nitrogen is ob- 
tained by using fresh jack bean meal extracts (Table I, Experi- 
ments 1 and 2). The difference between the two nitrogen values 
obtained by the use of these two enzyme preparations is accounted 
for when one incubates a jack bean meal extract with buffer in 
the absence of blood as shown in Experiment 3. This experiment 
shows that part of the nitrogen obtained by incubating blood with 
jack bean meal extracts originates in the meal extract. The en- 
zymatic nature of the reaction involved in the production of am- 
monia by jack bean meal extracts is demonstrated in Experi- 
ment 4 in which heated extract was incubated with buffer. 

In the determination of blood urea, the production of ammonia 
by jack bean extracts is influenced by the pH value of the digest, 
as shown in Table II. There is practically none formed when the 
digest is slightly acid, whereas the formation is very high in both 


. 
| 
: 
= 


Ss. F. Howell 643 


beef and chicken bloods at pH 8.0. The values for preformed am- 
monia nitrogen in the reagents have been subtracted to obtain the 
values given in Table II. 

A second factor which determines the size of the error in blood 
urea determinations is the age of the extract, as shown in Table 


TABLE I 


Formation of Ammonia by Jack Bean Extracts during Determination of 
Blood Urea 


1.0 ec. of M phosphate buffer at pH 7.8 was added to each digest. 


Ammonia 
Experi: blood blocd Fresh 17.8 per cent pH of | 
ment No. Specimen ater digest — 
2 digest 
ce. ce. ce. drops ec. mg. 
l 5 I 2.0 7.509 0.510 
5 2.0 7.55 0.060 
2 5 2.0 7.4 0.805 
5 2.0 7.4 0.340 
3 2.0 5.0 74 0. 290 
4 2.0 (heated) 5.0 7.4 


0.050 


TABLE I] 
Relationship between pH of Digest and Quantity of Ammonia Formed by Jack 
Bean Extracts during Determination of Blood Urea 
5.0 ce. of 17.8 per cent jack bean extract were added to each digest. 
Ammonia 


N obtained 
from digest 


Chicken 
blood 1.0 cc. uw buffer pH of 
Specimen 2 


Experiment Beef blood 


No. Specimen 1 digest 


ce. cc. mg. 
I 5.0 Giveine-NaOH 8.0 2.045 
5.0 8.0 1.435 
2 5.0 7.0 0.775 
4.0 7.0 0.240 
3 5.0 Citrate 6.4 0. 560 
5.0 6.4 0.050 


Experiments 1. 


If one determines blood urea through the 


use of a jack bean extract which has stood at room temperature 
for 5 to 20 hours there is no error (Table III, Experiments 1, 
Column 9) except that due to a small amount of preformed am- 
monia in the extract and buffer (Table III, Experiments 2, Col- 
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umn 9). There is an error, however, when fresh or 5 day-old ex- 
tracts are used. 

In all experiments in Table III the pH value of the digests was 
adjusted to 7.9 by the use of two mM glycine buffers. The digests 
eontaining blood only were adjusted by the use of 1 ec. of the 


TaBLeE III 


Effect of Heated Blood, Heated Extract, and Age of Extract upon Quantity of 
Ammonia Formed during Determination of Blood Urea 


5.0 cc. of water and | drop of crystalline urease were added to each digest. 


Ammonia N obtained from 


Experi- 


Beef blood 17.8 per cent jack 


M giy- 


digest when age of 


ment 3 bean extract 1 of te 

Heated ‘Heated 40 min. 5 hrs. 5 days 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
ce. ce. Cc. ce. mq. mg. mg. 
] 5.0 5.0 2.0 7.9 1.685 0.685 1.000 
2 5.0 1.0 7.9 1.175 0.155 0.520 
3 5.0 | 7.9 0.565 | 0.520 0.545 
4 5.0 1.0 7.9 0.645 0.645 0.655 
5 3.0 2.0 2.0 7.9 1.875 0.810 1.145 
6 18 7.9 0.165. 0.165 0.220 
7 5.0 9.0 2.0 7.9 0.675 0.685 0.745 
5.0 5.0 2.0 7.9 0.785 0.755 0.830 
Chicken blood 
Specimen 4 

] 5.0 5.0 2.0 7.9 1.505 0.350 0.575 
2 9.0 1.0 7.9 1.330 0.165 0.475 
3 9.0 1.0 7.9 0.145 0.145 0.155 
4 5.0 1.0 7.9 0.170 O.175 0.165 
3 5.0 5.0 2.0 7.9 1.510 0.365 0.595 
6 5.0 1.0 7.9 0.180 0.180 0.230 
7 9.0 9.0 2.0 7.9 0.315 0.315 0.350 
8 ‘ 2.0 7.9 0.340 0.335 0.350 


5.0 9.0 


first buffer, the digests containing extract only were adjusted with 
1 ce. of the second buffer, and the digests containing both blood 
and extract were adjusted by the use of 1 ec. of each buffer. 
Crystalline urease was added to all digests in order to hydrolyze 
the blood urea and give a constant amount of ammonia. Small 
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increases in the nitrogen values were caused by heating the blood 
and extract. In those experiments in which blood was heated, 
water was used to resuspend the blood, and for this reason 5.0 ce. 
of water were added to all digests. | 

The experiments in Table III were carried out with the addi- 
tional purpose of determining whether part of the error in blood 
urea determinations could be produced by a blood enzyme re- 
acting with a substrate in the jack bean meal extract or by an 
enzyme in the extract reacting with a blood substrate. Since 
enzymes are destroyed by heat, this procedure was used to deter- 
mine whether a reaction between a blood enzyme and an extract 
substrate existed in the digests containing blood and extract. 
When the blood was heated in boiling water for 10 minutes, there 
was no decrease in the error (Table III, Experiments 5), whereas 
when the extract was heated the error disappeared entirely (Table 
III, Experiments 7). This evidence proves that there is no blood 
enzyme involved in the production of ammonia. In order to 
determine whether there is an enzyme in the extract which reacts 
with a blood substrate, it is necessary to devise a method which 
will differentiate between this and the enzyme which produces 
ammonia from jack bean extracts. When jack bean meal extracts 
are aged for 5 hours, the enzyme which reacts with the extract 
substrate is completely inactivated (Table III, Experiments 2, 
Column 9). Under these conditions there is no error produced 
by incubating blood with jack bean meal extract (Table III, 
Experiments 1, Column 9). 

Additional evidence is obtained from the data in Table III to 
show that the jack bean meal extracts are the source of the error, 
by noting that there is no more nitrogen formed by digesting 
blood and jack bean meal extract together (Experiments 1) 
than when they are digested separately (Experiments 2 and 3). 

The pH value selected for these experiments, 7.9, is the pH 
at which a natural indicator of the bean becomes yellow. 

The data in Table IIT show that the error in blood urea deter- 
minations is confined wholly to the extract at pH 7.9, while from 
Table II it can be seen that there is no error if slightly acid digests 
are employed. Hence it appears probable that the jack bean 
meal extract is the source of the error in the determination of 
blood urea, 
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Two Methods of Eliminating the Error in Blood Urea 
Determinations 


The production of ammonia by jack bean meal extracts.makes 
the use of this reagent for the hydrolysis of blood urea unsatis- 
factory, unless a method is devised whereby the enzyme-substrate 
reactions Involved in the production of the ammonia are elimi- 
nated without affecting the urease activity. two systems have 
been found which completely inhibit the production of ammonia 
by jack bean meal extracts and offer almost maximum activity of 
urease. ‘These systems were discovered by investigating the prop- 
erties of the ammonia-producing enzymes and of the urease (9) 
of the jack bean. 
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Fic. 1. The effect of age of jack bean meal extracts upon their capacity 
to produce ammonia. The digests were incubated for 1 hour at pH 7.9. 


The ammonia produced by jack bean meal extracts when incu- 
bated with blood was found to vary with the age of the extract. 
Upon investigation of the capacity of jack bean meal extracts to 
produce ammonia, the values obtained were found te vary with 
the age of the extract, as shown in Fig. 1. Each determination 
involved the use of 5 cc. of extract and 1.0 ec. of M glycine-sodium 
hydroxide buffer. The pH value of the digests was 7.9. The 
capacity of the meal extracts to form ammonia nitrogen was very 
high in fresh extracts; this capacity decreased to zero in 5 hours, 
and inereased again after standing a day at room temperature. 
These observations indicate that there are two enzyme-substrate 
systems in jack bean meal extracts which can produce ammonia 


§ 
| | | 
€ 
i 
r 
} 
| 
© 
4 
i 


s. F. Howell 647 


nitrogen. The fresh extract contains an active and an inactive 
ammonia-producing enzyme. Upon standing at room tempera- 
ture for 5 hours at the pH of the jack bean extract (6.1), the first, 
or active, enzyme becomes totally inactive. The inactive second 
enzyme is activated by a natural activator in the meal extract 
upon-standing at room temperature for about 2 days. This 1s the 
first report of the existence of the first ammonia-producing enzyme 
in jack bean meal. It is the enzyme involved in the production 
of the error when jack bean meal or fresh meal extract is used in 
the determination of blood urea. 
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PH VALUE OF M/GEST 


hic. 2. pH-activity curves for the two ammonia-producing enzyme- 
substrate systems of 17.8 per cent jack bean meal extracts. 


In order to determine the pH value at which these two am- 
monia-producing enzymes of the jack bean are inactive, pH ac- 
tivity curves were obtained for them both, with 5 cc. of extract 
and 1.0 ec. of mM glycine-sodium hydroxide buffer. A 30 minute- 
old extract was used as the source of the first enzyme and a 5 
day-old extract as the source of the second enzyme. The values 
obtained are given in Fig. 2. The pH optimum of the first en- 
zyme is 8.5 and that of the second enzyme is 9.0, which indicates 
that this second enzyme is arginase (10, 11). Both of these en- 
zymes are inactive below pH 6.7. Therefore the digests should 
have a pH value of 6.6 or less to prevent the action of the am- 
monia-producing enzymes when jack bean meal extracts are used 
in the determination of blood urea. This value for the pH of 
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the digest agrees favorably with the pH optimum of urease, which 
is 6.7 in citrate buffer and at a urea concentration of 0.10 per cent 
(9). The second enzyme is slightly active at pH 9.0 in a 6 hour 
extract. 

The first system of eliminating the error in blood urea deter- 
minations involves the use of a 5 to 20 hour extract in which 
the ammonia-producing enzymes are inactive. This procedure 
is possible, since the activity of urease in the extracts shows no 
marked decrease upon standing at room temperature for 20 hours. 
Time curves obtained for the activity of urease in jack bean meal 
extracts show that the extracts retain most of their activity when 
kept at room temperature for 5 days (Fig. 3). The urease activ- 
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Fic. 3. Effect of age upon the urease content of 17.8 per cent jack bean 
meal extracts. 


ity of the meal extract was determined by adding 1.0 cc. of 41 
times diluted 17.8 per cent extract to a large test-tube containing 
1.0 cc. of M citrate buffer of pH 6.0, 1.0 cc. of 0.8 per cent urea, 
and 5.0 ce. of water, and incubating for 5 minutes at 20° (9). 
1 unit of urease is that amount which will produce 1 mg. of nitro- 
gen under these conditions. This procedure yields a unit of urease 
which is equivalent to the unit commonly used in this labora- 
tory (12). 


New Method for Determination of Blood Urea 


In the following method for blood urea an extract of jack bean 
meal is employed in which the activity of the urease is about 
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maximum and the ammonia-producing enzymes are inactive. 
The directions for the preparation of the extract should be followed 
closely, since tup water may contain an activator for the second 
enzyme; lower temperatures of incubating the extract retard the 
inactivation of the first enzyme; and a change in pH of the ex- 
tract from 6.1 to a neutral or slightly alkaline value causes the 
extract to contain large quantitiesofammonia. Thedigestsshould 
be prepared in the order given, since blood-extract mixtures are 
slightly alkaline. 

The buffer to be used is another factor which should be con- 
sidered. Acid and alkaline phosphate buffers have been found to 
be entirely unsatisfactory, since alkaline phosphate buffers acti- 
vate the ammonia-producing enzymes and acid phosphate buffers 
specifically inhibit urease activity (9). <A slightly acid citrate 
buffer has been found to be superior to other buffers investigated, 
since the activity of urease is very high and the ammonia-pro- 
ducing enzymes are inactive in digests containing this buffer. 
Sufficient buffer is used to reduce the pH value of the digest to 
6.0 to 6.6, depending upon the quantity of blood used, princi- 
pally to enable the urease to act near its pH optimum. 

While jack bean meal extracts are perfectly satisfactory for 
this determination of blood urea, solutions of crystalline urease 
are preferred when one determines the urea in such organs as the 
liver (13, 14). This preference is based upon the observation 
that jack bean meal extracts contain a substrate for an ammonia- 
producing enzyme present in liver, whereas crystalline urease con- 
tains no substrate for ammonia-producing enzymes other than 
proteases. 


Method 


To 2 to 5 cc. of blood in a large test-tube add 1 ce. of M citrate 
buffer of pH 6.0 and then add either 1 ce. of a 5 to 20 hour, 17.8 
per cent, distilled water extract of jack bean meal or 1 drop of a 
solution of crystalline urease. Allow the digest to stand at 
room temperature for about 20 minutes. The ammonia formed 
is then determined by any of the standard procedures. When 
smaller quantities of blood are used in the determination, the 
other reagents should be decreased in the same proportion. 

The new method has been used to determine urea in solutions 
of pure urea (Table IV). The values obtained with the jack bean 
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extract have been corrected for the preformed ammonia in the 
extract. 

Preparation of Reagents—TVhe 17.8 per cent extract of jack bean 
meal is prepared by adding 100 ec. of distilled water at 20° to 
20 gm. of meal. The mixture is stirred to a uniform suspension, 
centrifuged rapidly for 10 minutes, and the supernatant solution 
decanted into a flask containing toluene. ‘This extract must stand 
at room temperature for 5 hours before it is used. Extracts which 
are more than 20 hours old are discarded. A 17.8 per cent sus- 
pension of jack bean meal in distilled water may be used, after it 
has aged 5 hours, instead of the extract. 

Solutions of crystalline urease containing approximately 1000 
units of urease per cc. are prepared by Sumner’s method (1). 
The crystalline urease used in this work was prepared from Jack 


TABLE IV 
Values Obtained for Urea N in Pure Urea Solution by New Method 


: | New method, 6 hr. 20 per cent 
New method, crystalline urease 


Amount of urea 
N use 
Error | Error 
mg. mg. per cent per cent 
1.0 0.989 —-1.10 1.003 +0.30 
3.0 2.963 —1.2 2.982 —0.60 
5.0 4.996 | —0.08 5.038 +0.76 


bean meal prepared in this laboratory. A good yield of crystals 
has recently been obtained from meal purchased from The Arling- 
ton Chemical Company (No. 441145) and from Eimer and Amend 
(No. 800468). The crystals from 100 gm. of meal should be dis- 
solved in 3 ec. of redistilled water. 

M citrate buffer (after dilution of 1:10 gives a pH of 6.0) is 
prepared by adding 110.5 gm. of sodium hydroxide (from sodium) 
to 210 gm. of citric acid (Kahlbaum’s) and diluting to 1 liter. 
The acid constituent of 1 ce. of this buffer is equivalent to 3.3 mg. 


of nitrogen. 


Determination of Urea in Human Blood 


The new method given above for the determination of urea in 
blood can be used with human blood. The values obtained by 
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this method, with varying quantities of human blood, are shown 
in Table V, Column 4. The values are not increased by lengthen- 
ing the digestion period from 20 minutes to 2 hours (Column 5). 
The values obtained by the new method are practically the same 
as those obtained with crystalline urease (Column 3), and for this 
reason the new method is believed to yield correct values for urea 
nitrogen in human blood. 

Although in the new method the formation of ammonia by the 
ammonia-producing enzymes of jack bean meal extracts when 
human blood is used is avoided, these enzymes produce ammonia 
in the presence of human blood when fresh extract is used and the 


TABLE V 
Comparison of Values Obtained for Urea in Human Blood by New Method 
and by Using Fresh 17.8 Per Cent Jack Bean Extract 


Urea N per 100 ce, blood 
Blood Volume of 


Specimen human blood Crystalline 5 to 20 hr. extract Fresh extract 
No. used urease, 20 
_min. 20 min. 2 hr. 20 min. 2 hr. 
digestion digestion digestion digestion digestion 
(1) (2) (3) (4) (5) (6) (7) 
cc. mg. mg. mg. mg. mg. 
l 5 10.2 10.0 11.8 
2 5 9.9 9.6 10.3 11.5 
3 5 17.9 18.1 21.3 
4 2 12.5 12.4 12.8 13.8 27.4 
5 2 13.5 12.8 12.3 43° 4 29.5 
6 2 12.5 13.8 14.1] 15.9 | 31.0 
7 2 13.5 13.8 13.4 14.2 28.4 
S ] 12.5 11.0 12.0 15.2 35.0 
i) ] 112.3 111.6 113.1 122.4 177.7 


pH of the digest is above 6.7, as shown in Table V, Columns 6 and 
7. These data were obtained by use of 1.0 ec. of fresh extract 
and 1 to 5 ce. of human blood. The pH value of the resulting 
digest was 6.95 to 7.3, so that the use of a buffer was omitted. 
The values obtained for urea nitrogen varied with the time of 
digestion, the quantity of blood used, and the quantity of urea 
present in the blood sample. Thus an error in human blood urea 
determinations can be produced or eliminated by the same 
methods that produce or eliminate the error in the determination 
of urea in beef or chicken blood, and it appears probable that the 
source of the error is the same in all three kinds of blood. 
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Use of Commercial Urease Powder in Determination of Blood Urea 


Since commercial urease powder (15, 16) is generally used in 
the determination of blood urea instead of jack bean meal extracts, 
it is considered of value to include data on the use of this prepara- 
tion. It has been found that urease powder, like jack bean meal 
extracts, contains an enzyme-substrate system which produces 
ammonia and thus causes an error in blood urea determinations. 
The ammonia-producing system of the urease powder differs from 
the ammonia-producing system of jack bean meal extract in that 


720 
3100 
$30 
8 GO 
~ 
z 
= 
> PtH C.2 
comes | | 
2 G 10 14 18 22 @6 170 
AGE OF SOLUTION. 
IN HOURS | 


Fic. 4. Spontaneous formation of ammonia by commercial urease powder 
solution when allowed to stand at room temperature. 


it is active in the urease powder solution and causes an accumula- 
tion of ammonia in the solution upon standing. 

When a water solution of urease powder is allowed to stand at 
room temperature, ammonia is formed spontaneously by the 
enzyme-substrate system present in the solution, as shown in Fig. 
4. To obtain these data an approximately 10 per cent solution of 
urease powder was prepared by dissolving 10 gm. of powder in 100 
ec. of water. This solution was allowed to stand at room tem- 
perature, with toluene as a preservative, and 5 cc. aliquots were 
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used at stated intervals to determine the amount of ammonia 
present in the solution. The investigation was not continued be- 
yond 24 hours, as the odor of ammonia could be readily detected 
in the solution at that time. The reason for this spontaneous 
formation of ammonia by solutions of urease powder is that the 
10 per cent solution has a pH value of 7.13, which is within the 
range of activity of the ammonia-producing enzyme. The spon- 
taneous formation of ammonia by solutions of urease powder is 
largely prevented by adjusting the pH of the 10 per cent solution 
to 6.2 (Fig. 4). In this experiment 10 gm. of powder are dissolved 
in 100 ec. of 0.05 N acetic acid. 

The presence of considerable quantities of ammonia in solutions 
of urease powder accounts for most of the error in blood urea 
determinations, when the solutions used are 1 hour or more old. 
However, the error produced by strictly fresh urease powder solu- 
tions is directly dependent upon the activity of the ammonia- 
producing enzyme in the solution. In order to determine the 
activity of the ammonia-producing system in solutions of urease 
powder of varying age, a solution of pH 6.2 (containing toluene) 
was used, to prevent the accumulation of ammonia in the solution 
when aged. The activity of the enzyme system was determined 
by transferring 5 ce. aliquots of the solution into large test-tubes 
at stated intervals, adding 1 cc. of mM glycine-sodium hydroxide 
buffer to adjust the pH of the digest to 7.9, and determining the 
ammonia formed in 1.0 hour (Fig. 5). The values given in Fig. 5 
are corrected for preformed ammonia present in the solution. 
The curve obtained is quite different from that obtained with jack 
bean meal extracts (Fig. 1) and indicates the presence of the 
activated second ammonia-producing enzyme only (11). 

In order to determine the error in blood urea determinations, 
produced by hydrolyzing the urea with 10 per cent solutions of 
urease powder, one sample of human blood and one sample of 
beef blood were used in the analyses. Crystalline urease and 
citrate buffer of pH 6.0 were used according to the new method 
given above to obtain correct urea values for the human and 
beef bloods. These correct values were obtained in order that 
they might be compared with the values obtained by using 10 
per cent solutions of urease powder of varying age (Table VI). 
The digestion period was 20 minutes in all experiments. The 
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size of the error obtained with urease powder depends upon the 
age of the solution and also upon the ratio between the quan- 
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Fic. 5. Effect of age of commercial urease powder solution upon the 
activity of its ammonia-producing enzyme-substrate system. 


TABLE VI 


Values Obtained for Blood Urea by Hydrolyzing Urea with 10 Per Cent 
Solution of Commercial Urease Powder 


: 10 per Ammo- 
a Crys- Citrate hon Total age of 10 ———- nia N 
Volume of blood used talline buffer, powder — 
No. | urease pH 6.0 solu- powder solu vi digest | i. 
| ce. drops | mg. mg. 
Human (Specimen 10) 
2.0 0.416 20.8 
2 | 2.0 1.0 25min. 0.480 24.0 
3 | 2.0 1.0 2hrs. 1.474 73.7 | 
Beef (Specimen 5) | | | 
4 | 5.0 | 1.0 0.42 8.4 
5 | 5.0 1.0 25 min. 0.47; 9.4 
6 | 5.0 1.0 1.Ohr. | 0.55| 11.0 
3 5.0 1.0 2.0 hrs. 0.65 | 12.9 
5.0 11.0 | 6.0 “ | 0.995! 19.9 | 
9 | 2.0 42°" +440) 


11 | 1.0 


tity of enzyme solution and blood used, when the values are re- 
ported as mg. of ammonia N per 100 ce. of blood. 
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Since there are two sources of the error in blood urea deter- 
minations produced by the use of urease powders, two procedures 
can be used to eliminate most of the error. That part of the error 
due to the spontaneous formation of ammonia can be largely elimi- 
nated by using solutions of the powder which have been acidified 
to pH 6.2. The error due to the activity of the ammonia-produc- 
ing enzyme during the digestion period may be eliminated by 
adding sufficient acid buffer to maintain the pH of the digest be- 
low 6.7 at all times. The use of acetate buffer is reeommended 
for this purpose, since there is danger of inactivating the 
urease (9). 


Relationship between Activity of Ammonia-Producing Enzymes in 
(‘rease Powders and Value Obtained for Urea in Beef Blood 


Although erroneous values for blood urea may be obtained by 
using commercial jack bean urease powders to hydrolyze the urea, 
Van Slyke and Cullen (16) report that they were able to obtain 
quantitative values for urea in pure urea solutions by the use of 
their urease powder prepared from soy beans. The soy bean, 
however, has been replaced by the jack bean as the source of 
urease (15), and urease powders are now prepared from the 
jack bean. Since urease powders are prepared from the jack 
bean, it is of interest to determine whether these powders contain 
the enzyme-substrate systems which produce ammonia and 
whether an error is produced when these powders are used in the 
determination of blood urea. 

Several samples of urease powder were prepared according to 
the procedures of Van Slyke and Cullen (7, 16). The two meth- 
ods of drying the acetone precipitate, 7m vacuo (Preparation A) 
and zn vacuo over sulfuric acid (Preparation B), were used, since 
sulfur dioxide, which is produced during the desiccation over 
sulfuric acid, activates urease temporarily and may also affect the 
ammonia-producing enzymes. <A third preparation of urease 
powder was obtained by modifying the procedure of Van Slyke 
and Cullen. The 90 per cent acetone precipitate from 100 gm. of 
meal was washed twice with 500 ec. quantities of acetone in order 
to remove most of the water from the precipitate (Preparation C). 
This preparation pulverizes readily to form a fine powder. Each 
of these preparations contained approximately 60 units of urease 
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per ce. of 10 per cent solution. 1 unit of urease is equivalent 
to about 1.8 ec. of 0.1 N hydrochloric acid according to the pro- 
cedure of Van Slyke and Cullen for the determination of urease 
activity (16). 

The three powders prepared were investigated by obtaining 
pH-activity curves for the ammonia-producing enzyme-substrate 
system in fresh and 1 day-old, 10 per cent solutions. A pH-ac- 
tivity curve of a fresh 10 per cent solution of Arleo urease (Lot 
4232) was also obtained (Fig. 6). These curves were obtained by 
determining the ammonia N formed when 5 ce. portions of 10 
per cent solutions of the urease powders were adjusted to various 


Fic. 6. pH-activity curves of the ammonia-producing enzyme-substrate 
system of 10 per cent urease powder solutions. 


pH values with 1.0 cc. of m glycine buffers and were allowed to 
digest for 1 hour at 20°. The preformed ammonia in the reagents 
has been subtracted from the nitrogen values reported. The 
curves in Fig. 6 show that the urease powders contain an active 
ammonia-producing enzyme-substrate system. The activity of 
the system decreases in solutions of Preparations A and B and 
increases in the solution of Preparation C when they are allowed 
to stand a day at room temperature. The part of the curves 
which is of particular interest is that part below pH 8.0, since the 
pH value of blood-urease powder-buffer digests seldom exceeds 
pH 8.0 unless the blood contains a very large amount of urea or 
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unless a rather alkaline buffer is added. It is also of interest to 
note that the ammonia-producing system of Arleo urease solution 
is active in a more acid range than the systems in the three labora- 
tory preparations. ‘This observation probably accounts for the 
error shown in Table VI. Since the amount of ammonia formed 


TABLE VII 


Determination of Ureain Beef Blood (3.0 Ce.) by Use of Laboratory 
Preparations of Urease Powders 


Ex- NH3-N 
Source of urease used ae Buffer added ‘cent ir ‘ton 100 ce 
No. ime | blood 
solution 
ce. min. | mg. 
Urease powder 1 3 ce. 0.6% acid po- 1.0 6.7 30 | 5.9 
Preparation A; _ tassium phosphate 1200 | 7.3 
90% acetone ppt. 2 1-73 30 6.1 
dried in vacuo 
3 cc. m gilycine- | 1.0 7.2 30 | 5.9 
sodium hydroxide | 120 | 5.9 
4 Same 8.4) @i 
Urease powder 3 cc. 0.6% acid-po- 1.0. 6.7 30 | «6.1 
Preparation B; tassium phosphate 120 | 7.3 
90% acetone ppt. 2 
dried over H.,SO, | 120 | 6.3 
3 1 ce. Mm gilycine- | 1.0 | 7.2 30 | 6.1 
sodium hydroxide | 120 | 6.5 
Urease powder 3 ce. 0.6% acid po- 1.0. 6.7 30 5.9 
Preparation C; tassium phosphate | 
dehydrated with 2 1.6 1 7.24: 
100% acetone, 180 | 8.2 
driedoverH.SO, 3 (| 1 cc. Mm gilycine- | 1.0 | 7.2 | 30 | 5.6 
sodium hydroxide | 120 | 5.9 
Same | 60 «7.3 
Crystalline urease, 1 1 cc. M citrate 6.2 30 | 5.5 


1 drop 


by the urease powder solutions can be estimated at any pH value 
given on the curves in Fig. 6, it is possible to calculate the amount 
of error which is produced in the determination of blood urea 
when the conditions such as pH, time of digestion, and quantity 
of extract used are known. 
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Since the urease powders which have been prepared contain 
active enzyme-substrate systems which produce ammonia, these 
powders were tested to determine whether an error was produced 
when they were used in the determination of urea in beef blood 
(Table VII). Four different pH values for the digests and sev- 
eral digestion periods were used in the investigation. ‘The digest 
in Experiment | for each urease powder preparation was prepared 
according to the procedure of Van Slyke and Cullen (16). Crys- 
talline urease was used to obtain the correct value for the beef 
blood urea and ammonia nitrogen. The value for the preformed 
ammonia in the buffers and urease powders was subtracted to 
obtain the values given in Table VII. The data presented in 
Table VII show that there is a small error produced by longer 
digestion periods and that with the shorter digestion periods and 
more acid digests the error is negligible. The size of the error 
found agrees with data given in Fig. 6. 


EXPERIMENTAL 


In order to measure the activity of the enzymes involved in 
this study of blood urea, the enzyme-substrate reactions were car- 
ried out under controlled conditions in a thermostat bath at 20°. 
The pH value of the digests was determined by the use of the 
glass electrode. The enzyme-substrate reactions were stopped 
at the end of the digestion period with N hydrochloric acid, 
except when the digests contained blood. In this case the reac- 
tions were stopped with powdered potassium carbonate. No 
attempt was made to investigate the substrates for the ammonia- 
producing enzymes, since they are present in the jack bean prepa- 
rations and their composition is unknown. The ammonia formed 
by the enzyme-substrate reactions investigated was determined 
by the aeration and titration procedure with the addition of 
powdered potassium carbonate. 

All of the jack bean meal extracts and urease powders were 
prepared from meal ground in this laboratory (17) except when 
commercial preparations were used for comparative purposes. 
The time required to prepare a fresh extract should be less than 
30 minutes, since the first enzyme is rapidly inactivated. This 
fresh extract is incubated at 20-25° to obtain older extracts. The 
fresh extract is fairly clear but becomes opaque upon standing, 
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owing to the crystallization of concanavalins A and B. The jack 
bean extracts and Arleo urease contain a natural indicator which 
turns yellow above pH 7.8. Urease powders prepared by acetone 
precipitation contain only traces of this indicator. 

Beef and chicken blood samples were collected when the steers 
or chickens were slaughtered and specimens of human blood were 
obtained by venipuncture. Potassium oxalate (0.2 gm. per 100 
ec. of blood) was used as the anticoagulant. 

The m phosphate and glycine buffers were prepared by adding 
sodium hydroxide (from sodium) to acid potassium phosphate 
(Merck’s) or glycine (The Dow Chemical Company). The water 
used was redistilled from glass. The acetone was prepared from 
commercial acetone by treatment with a mixture of calcium chlo- 
ride and soda lime and distilling the filtered acetone. Toluene 
was added to all enzyme and buffer solutions. 


SUMMARY 


1. An extremely labile enzyme-substrate system which pro- 
duces ammonia has been discovered in the jack bean. 

2. This new enzyme-substrate system is responsible for errors in 
blood urea determinations when fresh jack bean extracts are used 
to hydrolyze the urea. A second enzyme, probably arginase, 
is responsible for the error when older jack bean extracts or 
urease powders are used. 

3. A method has been devised whereby the error in blood urea 
determinations can be eliminated. This method involves the 
use of a 5 to 20 hour jack bean extract and the adjustment of 
the pH value of the digest to 6.0 to 6.6 by the use of citrate 
buffer. 

4. The pH optima and ranges of activity of the two ammonia- 
producing enzymes of the jack bean have been determined. The 
optimum of the first enzyme is at pH 8.5 and that of the second is 
at 9.0. Both enzymes are inactive below pH 6.7. 

5. The source of the error in blood urea determinations is the 
same for human, beef, and chicken bloods. 

6. The values for blood urea nitrogen obtained by using urease 
powder vary with the method of preparing the urease powder. 
A commercial preparation of urease powder investigated yielded 
extremely variable results, whereas powders prepared in this 
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laboratory yielded blood urea values which were practically 
correct when short digestion periods were used. 


. All of the urease powders investigated contain an ammonia- 


producing enzyme-substrate system. The pH-activity curves of 
the enzyme-substrate system vary with the method of preparing 
the powder. 


NO ok 
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Abderhalden was the first to make detailed determinations of 
the cations in serum and erythrocytes. He found no ealcium in 
the erythrocytes of mammals nor sodium in erythrocytes of the 
horse, pig, rabbit, or man. While his other results have on the 
whole been confirmed by later investigation, a controversy has 
continued to exist on these two points. 

Sodium in Cells—The following determinations have been re- 
ported in the literature. In the indirect determination plasma and 
whole blood are analyzed separately and the concentration in the 
cells is calculated from the cell volume and the difference between 
the analytical results yielded by whole blood and plasma. The 
data refer to human cells unless otherwise specified. The values 
are reported in mg. per cent: Kramer and Tisdall (1) 0, indirect 
method; Dill et al. (2) 34.5 (40 to 29), direct; Butler and MacKay 
(3) 41.4 (538 to 34), direct; Oberst (4) 27.7 direct, 30 indirect; 
Keys (5) 35, electrodialysis; Maizels (6) 28, direct; Erickson (7) 
37, direct; Hald and Eisenman (8) 39, indirect; MeCance (9) 35 
to 80, indirect; Crabtree and Maizels (10) 16, as the difference 
between total base and K and Mg; Raszeja (11) one-seventh of 
the content in serum of man, indirect, and of horse, rabbit, and 
pig, direct; Thelen (12) 97, indirect. 

Calcium in Cells—Numerous investigators have worked on this 
as well, with very divergent results, however. With the indirect 
method no calcium was found by Hamburger (13), Lamers (14), 
Falta (15), Richter-Quittner (16), Kramer and Tisdall (1), Heub- 
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ner and Rona (17) (out of twenty-six cats six clearly positive), 
Rothwell (18), Leiboff (19), von Guldesy (20) (1 mg. per cent 
calculated from his Experiments 1 to 7), Schénberger (21) (man 
negative, dog positive), Herbert (22), Thomas (23) (man and pig 
negative; two sheep positive, two negative, 2.6 average; cows 6.1 
mg. per cent). 

With the indirect method the following values for caleium in 
cells are reported in mg. per cent: Rona and Takahashi (24) 1.9 to 
2.7 in the cow, pig, horse, sheep, and dog; Morgulis and Perley (25) 
1.0; Rymer and Lewis (26) 0.53 in the cells of 100 ee. of blood, 
equivalent to 1.2 mg. per cent with a cell volume of 46 per cent; 
Hald and Eisenman (8) 0.4; Thelen (12) 3.1. 

With the nephelometric method according to Lyman the follow- 
ing results, expressed in mg. per cent, were obtained: Cowie and 
Calhoun (27) 4.3 to 5.0 in unwashed cells; 2.1 to 3.5 after washing 
with NaCl; Jones and Nye (28) 8.7 in children; Jones (29) 5.0 in 
children; Cruickshank (30) 1.0 mg. in dogs and 1.4 mg. in rabbits 
in the cells of 100 ec. of blood. The nephelometric method may, 
however, give values far too high (Clark, cited by Leiboff (19)). 

By the following investigators the calcium content, in mg. per 
cent, of cells has been estimated directly by titration: Rona and 
Takahashi (24) 1.7 to 2.7 in various animals; Jansen (31) 3.9 in 
eells washed with cane-sugar; Parnas and von Jasinski (32) 
nearly 1; Gyérgy (33) 2.4 in cows, 0.9 in a pig, and 2.8 in a sheep; 
Stanford and Wheatley (34) 2.7 (3.2 to 2.0); Stewart and Perei- 
val (35) 0.5 after washing twice with NaCl; Endres and Herget (36) 
0.9 in horses. 

Later investigators generally agree that sodium occurs in the 
erythrocytes of man but do not agree on the normal content, 
reporting averages which vary from 16 to 97 mg. per cent. There 
is as yet no agreement as to whether calecitum occurs or not, al- 
though the positive results with the direct estimation make it 
probable that it actually occurs in the cells. The results of Heub- 
ner and Rona (17) and of Thomas (23) indicate great differences 
in results from the same species of animals. 

Owing to the fact that the Na and Ca content in the cells com- 
pared with the plasma is small, the indirect method has the serious 
drawback that a slight error in the estimation of the cell volume, 
or in the content in plasma or blood, gives a considerable error in 
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the content calculated in the cells. A difference of 2 per cent in 
one of the values mentioned gives a difference of as much as 0.2 
to 0.3 mg. per cent of Ca or 6 to 8 mg. per cent of Na for the cells. 

Those who have based their calculations by the indirect method 
on oxalate blood and serum instead of plasma have on the whole 
not reckoned with the osmotic effect of the anticoagulant. 
Through this a water shift takes place, resulting in an increase of 
the plasma volume of 4 to 6 per cent (ef. Streef and Streef- 
Spaan (37)). When this is taken into account, the caleium con- 
tent of the cells increases by about 0.6 mg. per cent and the sodium 
content by about 20 mg. per cent, while the potassium content 
decreases. It is likely that this also accounts for the negative 
results of Kramer and Tisdall (1) for sodium and calcium, together 
with their high potassium content in the cells. 

Use of the serum values for the indirect estimation 1s inad- 
missible for calcium, as there is likely to be a small difference in 
calcium content between serum and plasma (cf. literature cited 
by Streef (38)); and this has a relatively great effect on the per- 
centage calculated in the cells. 

By means of direct estimation in cells centrifuged at high speed 
and in washed cells and by comparing the directly and indirectly 
estimated contents, | have endeavored to determine more accu- 
rately the sodium and caleium content of the erythrocytes. 


Methods 


Venous blood was drawn without stasis and centrifuged without 
contact with air. Coagulation was prevented by heparin (2 to 
3 mg. for 10 ec. of blood; corrected for the calcium content of the 
heparin). After centrifuging | hour at a speed of 3000 R.p.m. the 
plasma was removed by suction. The remaining drops of plasma 
and the upper layers of cells were removed and discarded. After 
wet ashing with sulfuric and nitric acids and perhydrol, total base 
was estimated according to Stadie and Ross, sodium gravimetri- 
cally after removing phosphorus with Ca(OH). (Butler and 
Tuthill), potassium titrimetrically by the cobaltinitrite method, 
calcium titrimetrically according to Halverson and Bergeim and 
the Clark-Collip washing method, magnesium with the gravimetric 
Embden-Fetter method after precipitation as magnesium am- 
monium phosphate and washing with ammoniacal alcohol (see 
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Peters and Van Slyke (39) pp. 785, 873). 
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For particulars in the 


execution and for literature, see Streef (38) and Radsma and 


Streef (40). 


Estimation of Calcium 


TABLE I 


The latter have pointed out that with the estimation 


and Sodium in Standard Salt Solutions 


Na in K added 
Ca recovered ew Na recovered Na recovered 
Na: K 
mg. mg. mg. mg. mg. mg. 
0.050 0.052 +4 0.40 0.41 +2.5 1: 0) 2.73 3.2 
0.064) 0.27 | 0.26 | -3 | 1:1] 2.80 
0.060, 0.082 | | 9.60 | 0.62 +3 |1: 2 2.81) 3.31) +1 
0.058) 0.60 0.61 +1.5 1: 4); 2.36 +3 
0.60 (0.64) +43 
0. 064) 
0.060 > 0.063 +5 0.62) 
0.060 0.058 
0.048 0.047 —2 
TABLE II 


Sodium Content of Cells and Whole Blood of Monkey 
The results are expressed in mg. per cent. ; 


Monkey 1 Monkey 2 | Monkey3 Monkey 4 Monkey 5 


Whole blood* (cell volume 
average, 42.3 per cent) 


Plasma 343 


71 77 83 
74 93 81 Cells 76 
62 Whole blood 
89 Estimated 228 
64 69 Calculated 230 
Average........ 76 
5] 


* Average values. 


of total base in blood and cells accurate results are only to be ob- 
tained if the phosphorus has been removed before ignition (add 
excess Fe, bring the solution to pH 5.0, filter). Further, they 
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found figures for potassium in blood and cells too low if the ash 
was ignited while phosphorus was still present. 

For blood and cells the following procedure therefore is followed. 
After the wet digestion the liquid is transferred to a silica dish and 
evaporated first on a steam bath and then on a sand bath till it is 
practically dry. After cooling partially some drops of perhydrol 
are added and the water evaporated again. This is repeated, if 
necessary, until the contents of the dish remain light brown. Then 
the contents are dissolved in water, and measured portions are used 
for the determination of total base, Na, K, and Ca. For total base 
the phosphorus 1s removed with Fe and a measured part of the 
filtrate evaporated with 0.25 ec. of 4.0 N sulfuric acid and ignited. 
For calcium the solution is brought to pH 5.0 without additional 
Fe, centrifuged or filtered after a few hours, and the calcium deter- 
mined in a measured quantity of the filtrate. 

The direct estimation of sodium as well as calcium in the cells 
presents difficulties, owing to the considerable excess of potassium 
and the very small content of caletum. Even with a proportion 
of Na: K of 1:4 results somewhat too high are obtained for sodium. 
With a proportion of 1:20 the results are 10 per cent too high. As 
I have reported elsewhere (38), this difficulty was met satisfactorily 
by adding known quantities of sodium, or of calcium, to yield total 
amounts which could be determined accurately. The Na and Ca 
values thus obtained were corrected by subtracting the amounts 
found in the added standard solutions by the same methods of 
analysis. 

With each series a control estimation was performed in a stand- 
ard salt solution of about the same composition as the ash solution, 
in order to recheck the methods. Further, the whole process, 
including ashing, was from time to time repeated with plasma, 
cells, or whole blood standard solution. In order to secure reliable 
ashing some ash-free filter paper was added. The control analyses 
with salt mixtures simulating plasma and whole blood gave good 
results (cf. Streef (88)). With mixtures simulating cells the devia- 
tions were somewhat greater, as was to be expected (see Table I). 
For sodium a little too much was generally found. This may be a 
consequence of the excess of potassium present (2 K:1Na). How- 
ever, on the whole the methods adopted gave satisfactory results 
with salt solutions. 
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DISCUSSION 

At intervals in the course of 6 months cation estimations have 
been made on the blood of five monkeys (Macacus cynomolgus). 
The values for sodium are to be found in Table II. There is agree- 
ment between the percentage of sodium of total blood, estimated 
directly and caleulated from cell and plasma values. The sodium 
content of the cells fluctuates within wide ranges (98 to 51 mg. 
per cent, average 76 mg. per cent). The fluctuations in the same 
animal are of the same order as those in the whole series. The 
sodium and potassium content of plasma also shows great fluctua- 
tions in-the same individual, varying, for instance, between 325 
and 357 mg. per cent of Na or 13.7 and 19.9 mg. per cent of K. 
The animals received a constant diet. The blood was always 
drawn between 8 and 10 a.m. There was no correlation between 
the fluctuations in the plasma and in the cells separated from it. 
Weaver and Reed kept dogs on a constant diet and found similar 
fluctuations in sodium and potassium content of plasma in the 
same dog. 

A great number of estimations have also been made with male 
medical students. Total base and the individual cations were 
determined in the same sample of unwashed cells (Table IIT). 
On an average the agreement between total base determined and 
calculated is very satisfactory, which supports the reliability of 
the methods. For all bases the content in the cells varies distinetly 
more than the content in plasma. 

An argument against the direct estimation of cations in un- 
washed cells is that plasma remains in the interstices of the cells. 
Hirota (41) showed that this is less than 1.5 per cent of the cell 
volume. After centrifuging, the cells in my experiments were 
translucent (without laking), indicating that the cells were so 
closely packed that there was no refraction from the interstices. 
To account for the sodium and caleium content of cells which I 
found more than 10 per cent of plasma would have to remain, 
which is impossible. 

In order to check this factor further, I have washed part of the 
cells once or twice with an isotonic salt or sugar solution and after- 
wards compared the sodium or calcium content of whole blood, 
estimated directly and calculated with the help of washed and 
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TaBLeE III 


Total Base in Human Blood Cells 
Total base was estimated and calculated from the sum of the individual 


bases. 

Subject K 
mg. per 
cent 
... 360 
ee... . 390 
OHK.. 395 
vdM 401 
402 
TKT 326 
Soed.. 356 
Rhe 330 
Jan 389 
Doo. 366 
Plo. . 395 
Not... 352 
Bah. . 376 
396 
372 
Soeg.._. 370 
402 
KPG.. 395 
Soeb __. 377 
388 
Sme.. 418 
Djs 410 
.. 367 
Ago... 374 
Average 379 
96 OF 

Maximum... 418 
Minimum. 326 


Na Ca Mg 
mg. per mg. per mg. per 

cent cent cent 
43 2.0 
42 1.4 
47 1.0 
56 1.0 
4] 1.1 
1.9 
49 1.9 
37 2.5 
43 
40 2.2 
41 1.5 
49 1.6 : 
50 1.5 
57 2.6 
53 
60) 1.5 
ob 1.8 
32 2.4 5.6 
47 1.8 5.0 
30 1.9 
6 * * 
33 1.9 4.8 
33 
28 1.3 9.3 
33 0.9 0.3 
43 
18.7¢ O.9T 

60 2.7 5.6 


Caleu- 
lated as 
Na+ K + 
Ca + Mg 


per é. 


115.8 


122.7 


126.0 


125. 
112.. 
117 
105 
123 
116 
123 
116. 
122 
131. 
122 
125. 
121. 
122. 
126. 
116. 
115. 
126. 
122. 
111. 
115. 


120. 


131.4 


105.8 


WwW 


or or or 


Noo or 
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Total base 
Method | 

of Stadie Difference 
an OSS 

m.eq. m.eq 
per l. per 
109.9 | 5.9 
116.0 +6.7 
125.2 +0.8 
126.8 +4.5 
127.4 —2.2 
110.1 +2.2 
120.8 —3.7 
105.4 +0.4 
127.6 —4.0 
118.5 —2.4 
121.1 | +2.6 
114.0 42.1 
114.4 +8.3 
128.1 | +3.3 
115.5 | +7.2 
121.8 | +3.7 
120.2 | +1.3 
122.5 90 
123.8 +2.7 
117.4 -0.8 
119.2 —3.8 
125.3 +0.8 
128.3 —5.5 
108.6 +2.4 
113.4 +1.8 
119.3 +1.4 
128.3 | +8.3 
105.4 | —5.5 


* Value not determined, but for calculation total base was assumed to be 
4.0 for Mg and 0.9 for Ca. 
+t These figures represent milliequivalents per liter. 
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unwashed cells. After washing no plasma remains, but there is a 
possibility of loss of some sodium and calcium, since in protein- 
free fluid the cells become somewhat permeable to cations (Wake- 
man, Eisenman, and Peters (42), Kerr (43), Davson (44)). The 
values found after washing must therefore be considered as mini- 
mum. values. 

In order to decide whether the best results are obtained with 
unwashed or washed cells, the fact that the content of Na and Ca 
in the cell is small must be considered, as a proportionally distinct 
decrease of this results in a decrease for whole blood, which 
hardly exceeds the error of the method. ‘These experiments have 
therefore been made with ox blood as well, which has a high cell 
sodium content. 

The washing was carried out as follows: In a centrifuge tube a 
measured quantity (4 to 5 cc.) of cells was thoroughly mixed with 
8 to 10 ec. of isotonic salt or sugar solution. After 15 minutes 
centrifugation the liquid was removed by suction, the cells washed 
a second time if necessary, and finally transferred to a Kjeldahl 
flask for digestion. In connection with the possible influence of 
the pH on the permeability of the cells for cations (see Mond (45); 
however, denied by Davson and Danielli (46)) in a number of 
cases the pH of the washing fluid was estimated colorimetrically 
and was found to fluctuate between 6.7 and 7.1. 

The results have been summed up in Table IV. From this it 
appears that the cation content decreases in washing (when washed 
twice, even more), but that there is still a considerable quantity 
of sodium and calcium left in the cells. From comparison between 
the values for whole blood when estimated directly and when 
calculated it appears that the unwashed cells generally give the 
best agreement, which confirms the view that the values found 
therein are practically correct and those found after washing 
too low. 

In Table V are to be found estimated and calculated values for 
sodium and calcium content of human whole blood, while in 
Table VI the average is given of all estimations in blood of stu- 
dents. For calcium the agreement between estimated and calcu- 
lated contents is very good, which excludes a perceptible quantity 
of plasma remaining in the interstices of the cells. For sodium 
(Table V) the agreement is, on the whole, also correct. In the 
total estimations (Table VI) the indirect method gives a somewhat 
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higher average for whole blood (188 mg. per cent of Na against 
186 mg. per cent estimated), and consequently a lower indirect 
value for cells (36 mg. per cent against 41 mg. per cent estimated). 
As indicated under ‘‘Methods,”’ part of this difference may be the 
result of a small plus error in the direct estimation, owing to the 
potassium present. At the same time this proves once more that 
a minimal deviation in the value of whole blood gives a distinct 
difference for the indirect value in the cells. 


TaBLe IV 
Sodium and Calcium Content of Washed Blood Cells 
The results are expressed in mg. per cent. 
Goat Cow Pig 


Na Ca Na Na Na Na Me | May Ca 


346 10.15 352 332 329 332 303 313.11. 4 
Unwashed cells... _...| 84) 2.7) 165; 198 203) 49 25 30: 1.5 
Washed cells | | | | 
29 1.3 140 161, 164) 40, 
Whole blood, estimated . | 242 8.25 272 272 265 204 186 216 6.9 
‘calculated from | | | | | | | 
unwashed cells............. —=245 «7.55 268 274 264 202 181 216 6.95 
Whole blood calculated from | | : | | | | | 
washed cells (1).. _......| 237] 7.15) 256) 258) 239] 199) | 
(3) or (5). | 258 246 241 191) 178, 212 6.7 


‘Semple l= 1 x glucose: Sample 2 = 2 x Sample x KCl: 
Sample 4 = 2 X KCI; Sample 5 = 1 X saccharose. 

Average calcium seins of washed cells: man (seven persons) 1.1, cow, 
goat, and pig 0.95 mg. per cent of Ca. 


The calcium content of human whole blood found by me (6.1 mg. 
per cent of Ca) is somewhat lower than the average in the litera- 
ture (about 6.5 mg. per cent): Kramer and Tisdall (1) 5.75, 
Radsma (47) 6.85, von Guldesy (20) and Schénberger (21) 4.0 
to 7.9, Waelsch et al. (48) 6.5 to 8.2, Thomas (23) 6.45, Thelen (12) 
6.7 mg. per cent of Ca. The average calcium content of plasma is, 
according to the literature, between 10.0 and 10.6 mg. per cent. 
With a cell volume of 45 per cent the plasma of 100 ec. of blood 
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contains about 5.7 mg. For the cells of 100 ce. of blood about 
1 mg. is left, or about 2 mg. per cent of Ca in cells, which agrees 


TABLE V 
Sodium and Calcium Content of Whole Blood, Estimated and Calculated from 
Cell Volume, Plasma Content, and Cell Content 


The results are expressed in mg. per cent. 


Sodium Calcium 
Subject Whole blood Whole blood 
| Esti- Caleu- Differ- Esti- Caleu-  Differ- 
mated lated ence mated lated ence 
La. 328 187 96 1.3 6.6 6.0 |-0.6 
ees 321 176 10.7 | 1.1 | 6.9 6.45 —0.45 
331 197 10.6 6.7 | 
35 163 16S +5 10.5 6.4 
316 33 173 —11 10.9 5.9 | 
322 32 178 11.1) «66.85 | 6.05 |+0.2 
me 311 25 183 182 —1 | 10.35: 1.6 | 6.4 6.4 () 
KST 325 39 10.85 1.7 5.75 | 6.4 ‘'+0.65 
Al 317 42 196 [SS — 9.7 11.1 | 5.65 | 5.65 0) 
Tm... 333 | 32 178 189 +11: 10.4 1.1) 5.85) 6.05 |+0.2 
304. 30 10.3 1.0 5.55 5.45 —0.1 
Sm... 313 | 38: | «185 | +5) 10.4 1.1 | 6.15 | 6.25 |+0.1 
Mean difference. .__. +2 0 


TABLE VI 
Summary of Sodium and Calcium Estimations in Human Blood 


Sodium Calcium 
323 (31)t 10.2 (26) 
Cells. Estimated 41 (65) 1.6 (35) 
Calculated _. 36 1.6 
Whole blood. Estimated... 186 (16) 6.1 (23) 


188 | 6.1 


Calculated. . 


In heparinized blood, 52 persons, the cell volume was 47.7 per cent. 
* Some of the values are taken from Radsma and Streef (40). 
+ The figures in parentheses represent the number of persons. 


with the Ca values found directly by analysis of centrifuged cells 


(Table ITT). 
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SUMMARY 


1. Both by direct determination in unwashed erythrocytes and 
indirectly by analyzing plasma and whole blood and determining 
cell volume, the sodium and calcium contents of erythrocytes 
were estimated. 

2. For man an average sodium content of 41 mg. per cent was 
found by the direct method and 36 mg. per cent by the indirect 
method. As average content of calcium 1.6 mg. per cent was 
found both directly and indirectly. 

3. Sodium was also found in the erythrocytes of monkeys (76 
mg. per cent on an average) and pigs. The erythrocytes of goat, 
cow, and pig contain calcium. 

4. Cells washed with isotonic salt or sugar solution also contain 
sodium and calcium, but a little less than unwashed cells. The 
values found in washed cells are presumably too low. 

5. Various difficulties with both the direct and the indirect 
methods are discussed. 
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STUDIES ON THE STRUCTURE OF THE CHICK 
ANTIDERMATITIS FACTOR* 


By D. W. WOOLLEY, HARRY A. WAISMAN,? anno C. A. ELVEHJEM 


(From the Department of Biochemistry, College of Agriculture, 
University of Wisconsin, Madison) 


(Received for publication, May 19, 1939) 


The preparation of highly active concentrates of the chick 
antidermatitis factor has been described previously from this 
laboratory (1). It was shown at that time that the active sub- 
stance was a hydroxy acid. Further results have indicated the 
close similarity of the active substance to pantothenic acid, a 
growth factor for yeast first described by Williams ef al. (2). 
The properties previously described (1) and the partial constitu- 
tion as revealed by the present study serve to illustrate the close 
relationship and probable identity of the two. A brief report of 
some of our work has already been made (3), but the details of 
the experiments as well as evidence for further features of the 
molecule will be presented here. 


EXPERIMENTAL 


The method used for the assay of the various preparations has 
been previously described (1). The procedure for concentration 
of the factor from liver extract was similar to that previously 
recorded (1). The source material was that portion of aqueous 
liver extract which was soluble in 92 per cent ethyl alcohol.' 
600 gm. of this fraction were dissolved in 2 liters of water, and this 
solution was shaken for 30 minutes with 150 gm. of fullers’ earth 


* Published with the approval of the Director of the Wisconsin Agricul- 
tural Experiment Station. 

Supported in part by a grant from the Wisconsin Alumni Research 
Foundation. 

t National Live Stock and Meat Board Fellow. 

1We wish to thank Dr. David Klein of The Wilson Laboratories for 
generous gifts of this material. 
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plus 100 gm. of norit. The adsorbate was filtered off and washed 
five times by suspending it in 400 cc. portions of water and filtering. 
The filtrate and washings were concentrated under reduced pres- 
sure to 800 cc., neutralized to pH 7 with NaOH, and extracted for 
72 hours continuously with ether. The residual aqueous solution 
which contained the activity was adjusted to pH 1 with HCl, 
and extracted continuously with ether for 110 hours. The active 
extract was freed of ether under reduced pressure, and diluted to 
2 liters with water. 200 gm. of norit A (Pfanstiehl) were added, 
and the mixture was stirred for half an hour, filtered, and the 
precipitate washed three times with water. The factor was 
eluted from the norit by four successive treatments with 1} liter 
portions of 90 per cent alcohol plus 5 ce. of pyridine. Each elution 
was accomplished by suspending the adsorbate in the eluent, 
stirring for 15 minutes, and filtering. The combined eluates were 
concentrated under reduced pressure to 50 ec., and this solution 
was adjusted to pH 8.5 with powdered Ba(OH).. The mixture 
of barium salts was poured into 1 liter of 95 per cent ethanol. 
After standing for 12 hours, the mixture was filtered and the pre- 
cipitate was washed with 95 per cent ethanol. The insoluble 
salts were reprecipitated by dissolving them in 30 ec. of water and 
pouring this solution into 300 cc. of alcohol. The precipitate was 
filtered off and washed with ethanol, and the combined filtrates 
and washings were concentrated under reduced pressure to 50 
ec. Barium was then removed with a stoichiometric amount of 
sulfuric acid. The active concentrate thus obtained will be re- 
ferred to hereafter as Fraction B. 

Alkali Lability—-Many attempts to purify the factor beyond 
the stage previously described (1) resulted in loss of activity, and 
it was soon discovered that this was due to the alkali lability of the 
active substance. This lability was readily shown on purified 
concentrates. For example, when Fraction B was heated at 
97° in N NaOH for | hour, the activity was completely destroyed 
(Table I). 

Isolation of B-Alanine from the Alkali-Inactivated Material—A 
preparation of Fraction B from 1300 gm. of aleohol-soluble liver 
extract was treated with alkali in the above manner. The solu- 
tion was acidified with HCl to pH 1 and extracted six times with 
ethyl acetate in order to remove acidic compounds. The residual 
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aqueous solution was reduced to 30 ec. under diminished pressure, 
and then extracted continuously with ether for 4 days. Since 
Fraction B had been prepared from an ether extract, only un- 
extractable products produced by the alkali treatment remained 
in the aqueous phase. ‘The latter was adjusted to pH 6 and ex- 
tracted four times with butanol. The butanol was removed from 
the extract under reduced pressure, and the resulting residue was 
taken up in dilute HCI and dried in vacuo. This residue was 
extracted with 95 per cent ethanol, and the extract was freed of 
aleohol by vacuum distillation, dissolved in water, and freed of 
chloride with silver oxide. After the silver ion was removed with 
H.S, the filtrate was concentrated under reduced pressure until 
erystallization began (volume of about 0.2 ec.) and treated with 
ethanol. The white crystals (9 mg.) which separated were found 
to melt at 204 206°. 6-Alanine in the same bath melted at 
204- 206°. 


C;H:O.N. Caleulated, N 15.7; found, N 15.8 


Enough material was not available for the preparation of a char- 
acteristic derivative, but the following experiments strongly in- 
dicated the presence of B-alanine in the active substance. 

Mode of Linkage of B-Alanine in the Factor——The acidic fraction 
(ethyl acetate extract) of the alkali-inactivated Fraction B was 
reactivated in the following manner. Since it was previously 
shown (1) that the factor was a hydroxy acid, it was concluded 
that the acidic portion of the molecule contained the hydroxy] 
group. These groups were protected by acetylation as follows: 
The ethyl acetate extract was dissolved m 50 ec. of acetic anhy- 
dride plus 2 ec. of pyridine, and heated to 97° for | hour. Excess 
reagents were removed under reduced pressure, and acid chlorides 
were then formed by the addition of 30 cc. of SOC. After the 
solution had stood for 1 hour at room temperature, it was concen- 
trated under reduced pressure to dryness. The residue was 
dissolved in 5 ec. of anhydrous pyridine and treated with an 
amount of freshly prepared 6-alanine ethyl ester equal in weight 
to the acid chloride residue. After the solution had stood for an 
hour, excess pyridine was removed under reduced pressure, the 
residue was suspended in enough dilute HCl to produce a pH of 
2, and the mixture was extracted six times with ethyl acetate. 
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Since it had been shown (1) that the acetylated factor was Inactive, 
it was necessary to remove the acetyl and ester groups before the 
assays were made. This was best done by dissolving the extract 
in 10 ce. of ethanol, adding 10 ec. of a cold, 10 per cent solution of 
NaOH in ethanol, allowing to stand for 1 hour, and neutralizing 
with alcoholic HCl. Hot aleoholic ammonia as_ previously 
described (1) was sometimes used for hydrolysis but was not as 
efficient as the above treatment. The product so obtained was 
active when fed equivalent to 40 per cent of liver extract (Table I), 
whereas the alkali-treated material from which it was made was 
entirely inactive at the same level. These results have been 


TABLE 


Potency of Various Preparations 


: Equivalent Average gain Animals show- 
Supplement level* fed in 4 wks. ing symptoms 
per cent gm. per cent 

Fraction B....... 10) 106 0 
Alkali-treated 40) 34 100 
Synthetic mixture................ 40 O4 0) 
from lactone... 10 S-4 0 
30 78 0) 


* This term is best explained by an example. If a fraction was fed at 
an equivalent level of 10 per cent, the concentrate derived from 10 gm. of 
liver extract was added to each 100 gm. of ration. 


repeated on four preparations. They indicate that the active 
factor contains 6-alanine combined through its amino group as a 
substituted amide of a hydroxy acid. A partial formulation may 
be made as follows: (HO),R-—-CO—NH—CH,—-CH,—COOH. 

Relative Position of Hydroxyl Group —It was noted that the yield 
of activity in the above synthesis was rather low, and further work 
indicated that this was due to the fact that the acidic portion very 
readily formed a neutral lactone. Fraction B was heated at 97° 
for 1 hour in N HeSO,, cooled, and carefully adjusted to pH 7.5 
with NaHCO;. This solution was then extracted continuously 
with ether for 4 hours. The extract was freed of ether under 
reduced pressure and dissolved in 10 ec. of N NaOH. The solu- 
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tion was heated at 97° for 1 hour in order to hydrolyze the lactone. 
The alkaline solution was concentrated under reduced pressure to 
approximately 1 ecc., and 20 ce. of acetic anhydride were added. 
The solution was heated at 97° for 1 hour. The formation of the 
acid chloride and the union with 6-alanine ester were then carried 
out as before. The product was assayed and found to be as active 
as the untreated Fraction B (Table I). A preliminary experi- 
ment had shown that an activatable lactone could be prepared in 
a similar manner from the acidic, ethyl acetate extract of alkali- 
inactivated Fraction B. Furthermore, the method of preparation 
of Fraction B involved the removal of material which was ether- 
extractable at pH 7, and hence the above lactonic extract con- 
tained neutral substances formed by the acid treatment. These 
results indicated that the acidic portion of the factor readily 
formed a lactone and hence probably contained a hydroxyl group 
in y or 6 position to the carboxyl. 

In view of these results it is possible to explain the low yields 
obtained in the first method of synthesis. The ethyl acetate 
extract in that case probably contained both the hydroxy acid 
and its lactone. In the lactone the carboxyl was not free to form 
an acid chloride, and hence no coupling with 8-alanine ester could 
occur. ‘The SOC], may have opened the lactone ring, but if this 
occurred, an unprotected hydroxyl group would be exposed to 
attack by the acid chloride. In either case one would expect a 
poor yield. 


DISCUSSION 


After it was demonstrated that the chick antidermatitis factor 
was a hydroxy acid (1), we were of course interested in its possible 
relationship to other acidic growth factors. Direct tests for 
activity of pimelic acid, indoleacetic acid, and uracil were made 
over a year ago, and showed that they were inactive. The re- 
lationship to the bios fraction studied by Williams et al. (4) and 
to the growth factor for lactic acid bacteria investigated by Snell 
etal. (5) was suggested by many similarities in properties possessed 
by these materials and the antidermatitis factor. For some time 
it was thought that the antidermatitis factor was more stable to 
alkali than was the factor of Snell et al. However, our alkali 
stability experiments were done several years ago, when only 
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rather crude preparations were available. As purer concentrates 
were obtained, it was found, as we stated at the beginning of this 
paper, that the activity was readily lost by contact with alkali. 
When it became clear from the recent work of Williams ef al. and 
of Snell et al. that the microbial growth factor was a heat- and 
alkali-labile hydroxy acid with many other properties in common 
with the substance we were studying, it seemed likely that the 
two factors were identical. However, since neither had been 
obtained in the pure state, it was not possible to settle the point 
directly. Williams (6) has reported that his factor is composed 
of B-alanine and a hydroxyvaleric acid. With these facts in mind 
it seemed advisable to attempt to establish the identity of the 
two compounds by demonstrating similar chemical structures in 
both. We believe that the above experiments in connection with 
those of Williams afford such a demonstration. In addition, 
they yield new evidence on the nature of the hydroxy acid portion 
of the molecule. 

After our experiments were completed, Jukes (7) reported that 
preparations obtained from Williams were active in the prevention 
of chick dermatitis. This affords additional evidence for the 
similarity of the compound concerned in microbial and avian 
nutrition. However, since the preparations used did not repre- 
sent a pure compound, but were mixtures obtained by methods 
previously shown to concentrate the antidermatitis factor, the 
experiments of Jukes do not conclusively prove the identity of 
the antidermatitis factor and pantothenic acid. Such proof must 
await the isolation of the active substance in pure condition, 
but all the evidence points to the identity or very close similarity 
of the two. 

It should be emphasized that the synthetic product described 
in this paper has been shown to have activity only in the case of 
the chick. Since this factor has often been referred to as the fil- 
trate factor, and since the so-called filtrate factor concentrates 
have been shown to have growth-promoting activity in the rat, 
certain erroneous conclusions may be drawn. Concentrates that 
are highly active for the chick have shown no activity when fed 
to rats that have ceased growing on a synthetic diet low in the 
vitamin B complex but supplemented with thiamine, riboflavin, 
nicotinic acid, and vitamin B,.2 This is not surprising, since 


2? Oleson, J. J., and Elvehjem, C. A., unpublished work. 
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factor W is a limiting factor on such a diet and previous work 
(8,9) has indicated that it and the chick antidermatitis factor are 
distinct. It will only be possible to determine the requirement 
of the rat for the latter factor when the other essential vitamins 
are available in such a form that they may be freed completely of 
the chick antidermatitis factor. Studies on this question are now 
in progress. | 


SUMMARY 


The chick antidermatitis factor is composed of 8-alanine united 
through its amino group to the carboxyl of a hydroxy acid. The 
molecule is hydrolyzed readily by acid or alkali with concomitant 
loss of activity. The hydroxy acid portion easily forms a lactone; 
this indicates that a hydroxyl group may be y or 6 to the carboxyl. 
Since Williams has shown that his growth factor for yeast is simi- 
larly constituted of 6-alanine and a hydroxy acid, it is highly 
probable that the two substances are identical. 
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FURTHER STUDIES ON THE PHYSICAL CHEMISTRY OF 
CYSTINE PEPTIDES 


By JESSE P. GREENSTEIN, FRIEDRICH W. KLEMPERER, 
AND JEFFRIES WYMAN, Jr. ) 
(From the Departments of Physical Chemistry and of Biological Chemistry, 
Harvard Medical School, Boston, and the Biological Laboratories, 
Harvard University, Cambridge) 


(Received for publication, June 5, 1939) 


We have dealt in previous studies (1) with several of the 
physicochemical properties of four compounds related to cystine. 


I. (CH2)4- NH3* 
Il. (CH2)4-NH-- 
C*(NHa2)2 
III. CH(NH3*)-CO-NH-- 
CH.COO- 
IV. COO~-CH,- 


One of the principal features of all of these compounds is that 
they consist of molecules made up of two identical portions con- 
nected by the S-S linkage. This fact contributes greatly to the 
analysis of the results and allows us to make certain calculations 
from the titration data which would searcely be possible otherwise. 

Analysis of the dielectric constant of aqueous solutions of these 
substances has shown that their moments are the same as those 
calculated on the assumption that there is complete free rotation 
about the various single bonds in the molecule. In this respect 
these molecules are like the majority of other dipolar ions which 
have been studied (2, 3). It may mean either that there is 
actually free rotation, or else that the molecules are distributed 
among a set of configurations in such a way as to give the same 
result statistically. Apparently the only way to distinguish be- 
tween these alternatives experimentally would be to study the 
frequencies at which these molecules undergo anomalous dis- 
persions. However, the frequencies required for this test are 
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extremely high, and at present no data are available at high enough 
frequencies to be decisive. An investigation of the titration data 
of Compounds IIT and IV has also brought out several points of 
interest, notably the enormous influence of the S-S linkage in in- 
creasing the acid strength of the adjacent NH; groups, and the 
complete absence of interaction between the terminal carboxyl 
groups. ‘This latter point is in accordance with the hypothesis of 
free rotation or its equivalent and of itself would suggest that the 
molecules cannot be stabilized with the carboxyl groups in juxta- 
position. Finally, measurements of the apparent molal volumes 
have shown that all these molecules give rise in water to an 
amount of electrostriction which accords with their properties as 
dipolar ions. 

In the present paper we extend these studies to a fifth com- 
pound, diglycyleystine. 
V. )N HCOCH.NH;* 


The preparation of this compound has been described elsewhere 
(4). It is the isomer of Compound III, cystinyldiglycine, the 
roles of cystine and glycine being interchanged and consequently 
also the positions of the COO~ and NH; groups. We include 
also in this paper a study of the titration constants of cystine 
itself. All measurements were made on aqueous solutions. 
The dielectric constant was measured at 25° by the method 
used in all the previous studies. In this method the frequency 
varies with the dielectric constant in question, but in the present 
work the frequencies were all in the neighborhood of 50 x 10° 
cycles, corresponding to wave-lengths between ~ 5.9 and ~ 6.2 
meters. The results are shown in Fig. 1, in which the dielectric 
constant is plotted against concentration. In Fig. 1 we have in- 
cluded for comparison the observations on cystinyldiglycine 
(Compound III). This shows that the two peptides are indis- 
tinguishable. The slope of the dielectric constant concentration 
curve is the same for both, its value being 139, with a probable 
error of not more than 1 or 2 per cent. It is unnecessary to enter 
here again into the reasoning already developed to show that this 
value implies free rotation or its equivalent: the argument for 
eystinyldiglycine applies with equal force and without alteration 
to diglycylcystine, the dielectric properties of the two peptides 
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being identical. It should be pointed out, however, that quite 
apart from this argument the mere identity of dielectric properties 
of itself affords some evidence in favor of free rotation. 

There is no exact theory which permits the caleulation of 
moments from dielectric constant data on polar liquids, but a 
large body of experimental evidence indicates that the dielectric 
constant is a linear function of the polarization (5). This is in 
accord with recent theoretical considerations (6, 7) and accounts 
for the fact that the dielectric constant is an additive property. 
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Fic. 1. Dielectric constant of solutions of diglyeyleystine (O) and 
cystinyldiglycine (A) dissolved in water at 25°. The ordinates give the 
dielectric constant; abscissas give concentration in moles per liter. 


It implies that the slope of the dielectric concentration curve, 
which we denote by 4, is given by the relation 


1000 

in which P is the molar polarization of the solute, V the volume 
which it occupies per mole in solution, ¢) the dielectric constant 
of the solvent, and a and b are constants. It has been possible 
to obtain a rough estimate of the constants a and 6 from a consid- 
eration of a large number of polar liquids (5). By using the values 
so obtained, Equation 1 can be rearranged to give 


, 10006 + V (6 + 1) 
8 5 


(2) 
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If we restrict ourselves to the case of highly polar molecules like 
dipolar ions, in which the optical polarization may be neglected in 
comparison with that arising from the dipole moment, we obtain, 
for the case of a solution in water at 25° (e9 = 78.54) the relation 


(3) pw? = §.656 + 0.45V 


where w is the moment of a single molecule expressed in Debye 
units.!. This equation leads to a value of 12.2 for the moment of 
glycine, which may be compared with the value 15 obtained by a 
wholly different estimate based on solubility data (8). Applied to 
the present results on cystinyldiglycine and diglycyleystine, it 
gives a moment of 30.2, if we use for V the apparent molal volume. 

It is also possible to estimate the value of the moment from 
statistical considerations, assuming free rotation about the single 
bonds in the molecule. In order to do this we shall assume as 
usual that the locus of each positive charge coincides with the 
center of the corresponding nitrogen atom and that that of each 
negative charge is midway between the 2 oxygen atoms of the 
corresponding ionized carboxyl group. ‘Then it is evident that 
eystinyldiglycine (Compound III) should be intermediate in 
regard to its electrical properties between the two idealized 
structures 


A. 
and 
B, Co 


Similarly, diglyeyleystine (Compound should be interme- 
diate between the two corresponding structures obtained by 
interchanging the positive and negative charges in A and B, and 
the 2 molecules should be electrically indistinguishable.? If we 
neglect the electrostatic forces between the charges, we may use 
the expression given by Eyring (9) for the mean square distance 
between the ends of a straight chain molecule in which there is 
free rotation about all the valence bonds to reckon the moment of 


1This follows at once from Debye’s fundamental relation, P = 
4nxnNyu?/9KT, in which N is Avogadro’s number, K is the molecular gas 
constant, and 7 is the absolute temperature. 

? These structures are of course introduced only to give a physical model 
to show the spacing of the charges. 
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each half of structure A or B.S The results, multiplied by \/2 
to take account of the independent orientation of the two halves, 
should give the total moments of A and B. If in the numerical 
calculations we take the carbon to carbon distance as 1.54 A. 
and the valence angle as the tetrahedral angle (= cos~'{ —4)), 
we obtain for structure A w = 30.4 and for structure B uw = 33.7. 
The agreement of these results with the moment calculated from 
the dielectric constant data is closer than might be expected. 

In this calculation we have taken no account of the electrostatic 
forces between the charges. If we wish to do so, we may obtain 
a third estimate based on the results of Kuhn (10). Kuhn has 
calculated the mean square moments of various straight chain 
monoaminomonocarboxylic acids, allowing for electrostatic at- 
tractions. For a 6 acid he gives the result » = 14.8. Either 
eystinyldiglycine or diglycyleystine may be regarded as com- 
posed of two 6 amino acids. If these were oriented at random, 
the moment of these molecules should be 14.8 Kk \/2 = 20.9. 
If they interacted, it should be less than this. 


Eyring’s formula is C? = Ci[m + 2(n — 1) cos @ + 2(n — 2) cos? --- 
2 cos*” 4] in which C? is the mean square distance between the centers of 
the terminal atoms of the chain, C, is the distance between the centers 
of adjacent atoms of the chain, @ is the supplement of the valence angle, 
and the number of atoms in the chain equals n + 1. It is possible to sum 
the series on the right-hand side of this equation to obtain the more con- 
venient expression. 


(3 on Cc? Cos A) 9 9 (1 — cos" 0) 
(1 — cos 8) (1 — eos 6)? 


‘It may be of interest to list here values of the moments of various 
other representative dipolar ions reckoned in each of these three ways. 


u 
Compound 
| Eyring Kuhn 
€¢-Aminocaproic acid 22 24-26 16 
Tetraglycine....... 31 | 33-35 24 
. | 38 42-43 32 
€,€’-Diaminodi(a-thio-n-eaproic acid) 29 34-37 <23 


Cystinyldidiglycine 39 40-42 <27 
Lysylglutamic acid... 45 44-47 
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The titrations of solutions of diglycyleystine as well as of 
cystine itself were carried out electrometrically with a glass 
electrode at 35°. A standard acetate buffer of pH 4.65 was 
employed as the reference solution (11). Correetions for the glass 
electrode potentials in strongly alkaline solutions were determined 
by comparison of the potentials of buffer solutions having Na* 
and K+ concentrations similar to those of the peptide solutions 
with the potentials of the same solutions determined with a 
hydrogen electrode. In the case of cystine, 0.25 mm of cystine 
dihydrochloride was added to 50 ce. of 0.1 Mm KCl and dissolved by 
adding 15 ec. of 0.1 N HCl. This solution was titrated with 0.1 
N NaOH. No precipitation of the amino acid occurred during 
the measurements, although the solutions were certainly super- 
saturated in the middle range of pH. The peptide, at an initial 
concentration of 5 mm per liter in 0.1 N KCl, was also titrated 
with 0.1 N NaCl and 0.1 N NaOH. 

From the data obtained in this way we have calculated four 
titration constants (pK’) for each of the two compounds, pro- 
ceeding as if the four dissociating groups of each were independent 
of one another or, What amounts to the same thing, treating each 
solution as if it contained four simple monobasic acids each at a 
concentration equal to that of the peptide. In these calculations 
we have followed in general the method of Hastings and Van Slyke 
(12), taking the activity coefficients of the H* and OH™ ions as 
0.84 and 0.81 respectively and ph, as 13.64, the value which cor- 
responds with the conditions of our experiments. The results 
are given in Table I, together with various related results taken 
from other studies, and with corresponding values of the isoelectric 
point. The values of pK’ for cystinyldiglycine and cystinyldidi- 
glycine are slightly different from those previously reported by us 
(1), having been recalculated by the method just described from 
the original data.’ The constants for diglycine and triglycine at 
35° were calculated from the values given by Cohn (13) for 25° by 
means of the van’t Hoff equation, assuming a heat of dissociation 
of 10,000 calories for the amino group and zero calorie for the 
carboxyl group. This procedure leads to a temperature coefficient 


> The temperature of the original experiments was erroneously reported 
as 38° in the previous paper. The correct temperature was 35°. 
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of —0.024 per degree for the pK’ value of the amino group and 
makes the pk’ value of the carboxy! group independent of tem- 
perature. The extent to which the constants given for cystine, 
diglycyleystine, and cystinyldiglycine satisfy the data may be 
seen from Fig. 2, which shows both the experimental points and 
the calculated titration curves. Except for the two acid con- 
stants of cystine, the values of these constants appear to be sub- 
ject to an uncertainty of not more than 0.03 pK’. The titration 
of cystine extends so far into the acid range that the values of 


TABLE [| 


Apparent Dissociation Constants of Cystine and Its Peptides 


Isoelec- 
Substance pK’; pK’s pK’, tric 
point 
Cystine 35 i<!] 2.1 | 8.02 | 8.71 | 5.0 
ahi | 30 i<il 1.7 | 7.48 | 9.02 | 4.6 
i 35 {<i 1.7 | 7.36 | 8.90 | 
25 1.65, 2.20 | 7.85 | 9.85 | 
co Fee 35 1.65; 2.20 | 7.61 | 9.61 | 
Diglycyleystine 35 2.71; 2.71 | 7.94 | 7.94 | 5.2 
Cystinyldiglycine 35 3.12; 3.12 | 6.36 | 6.95 | 4.8 
Cystinyldidiglycine 35 3.21; 3.21 | 6.01 | 6.87 | 4.7 
Diglycine. 35 3.14 7.83 5.49 
Triglycine.. 35 3.26 7.67 5.47 


* Values of Cannan and Knight (14). 

t Values of Cannan and Knight adjusted to 35°. 
t Values of Sano (15). 

§ Values of Sano adjusted to 35°. 


pk, and pk, for this compound are subject to a far greater 
uncertainty. 

Our own values of the four titration constants of cystine 
should be compared with those listed in Table I, obtained by other 
investigators using different methods. The values of Cannan and 
Knight (14) are based on measurements with the qutnhydrone 
electrode in acid solutions and the methylene blue-methylene white 
electrode in alkaline solutions. Sano’s (15) values for the same 
constants are based on solubility studies, in which the pH was 
measured with the quinhydrone electrode at acid reactions and 
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by means of nitrophenol indicators at alkaline reactions. When 
these values are reduced to 35° on the basis of the van’t Hoff 
equation as in the case of di- and triglycine, it is found that the 
two sets of results agree neither with one another nor with our own. 
The discrepancies are certainly much greater than could be 
ascribed to the approximations involved in the procedure of 
reduction from one temperature to the other. 

Owing to the symmetry of these molecules, it is possible to 
calculate the actual acidity constant® of the four individual groups 
of each from the apparent constants pK’ of Table I without resort 
o any other data or experiments. For this purpose the only 
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6 
Fic. 2. Titration data for cystinyldiglycine (Curve 1), diglyeyleystine 


(Curve 2), and cystine (Curve 3). The smooth curves are calculated from 
the constants given in Table I. 


approximation necessary is that we regard K’; and K's as deter- 
mined wholly by the two carboxyl groups and K; and K, 
wholly by the two amino groups. Consideration shows that this 
must be very nearly the case. Let us denote these individual 


acidity constants by the symbols k;, ke, ..., and write as the 
general formula for the molecules in question in the isoelectric form 
NH;* COO- 
R 


NH;* COO- 


6 These are called the intrinsic constants by Simms (16). 


| 
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Then, proceeding from the acid side, the dissociation takes the 
following course. The four k’s involved are related to the two 


NH;* COO- 
R 
NH;* COOH 


hy 
\ 


COOH COO 
R 
NH;°* COOH COO- 
ky 


COOH 
NH,* 
apparent dissociation constants A, and Ae by the two equations 


(4) ki+k,= K',+ K’; 
(5) kik’. = kok’, K's 


In general it would not of course be possible to determine the 
four k’s from these two equations. In the present case, however, 
on account of symmetry, 


(6) k, = ke and k’, = k’. 


This makes a solution possible. Exactly the same treatment is 
applicable to the dissociation of the isoelectric molecules to give 
the doubly charged anion. This dissociation takes the course 


NH: COO- 
R 

NH;+ COO- 
NH;' COO- NH, COO- 
R R 
NH;* COO- NH, COO- ‘ 
\ ky, 
N 4 
NH;* COO- 
R 


N H, COO- 


Fy 
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In Table II we give the individual acidity constants calculated 
on this basis in terms of pk values. On account of the four 
identities 
(7) pk; = pk’; = pk’s, pks pkg, = pk’, 


we list only four different constants. In the case of cystine, 
owing to the uncertainty in regard to phkX;, it is impossible to 
‘alculate pk, and pk‘;. It is evident from Table I] that the ap- 
proximation involved in the calculations introduces no appreciable 
error. Thus, for example, the error involved in neglecting the 
amino groups in Equation 4 must be of the order of 0.01 per cent. 
We give values of the four constants at both 35° and 25°. Those at 


TABLE II 


Acidity Constants of Individual Groups 


Substance pk’) pkgs pk’; pk; 
Cystine 35 ? ? 8.24 8.49 0.25 
25 ? ? 8.48 8.73 
Diglycyleystine 35 | 2.71 | 2.71 | 7.94 | 7.94 | O 
Cystinyldiglycine 35 | 3.12 | 3.12 | 6.5% | 6.75 | 0.19 
7 25 | 3.12 | 3.12 | 6.80 | 6.99 
Cystinyldidiglycine 35 | 3.21 | 3.21 | 6.25 | 6.63 | 0.2 
be 2% | 3.21 | 3 6.87 


3.21 | 6.49 


25° are calculated from the values at 35° by the van’t Hoff equa- 
tion in the manner described above. 

Table II shows the extent of interaction of the dissociating 
groups. It is in all cases slight, although the amino groups inter- 
act more strongly than the carboxyl groups. The absence of 
interaction of terminal groups accords with the free rotation or 
its equivalent which is realized in these molecules. 

The only other result to be reported is the value of 199 ce. 
for the apparent molal volume of diglyeyleystine. This was ob- 
tained from density measurements of a 0.0539 m solution made 
with a pyenometer. It is somewhat larger than the value 194 ce. 
previously reported for cystinyldiglycine (1); but the discrepancy, 
although in excess of the errors of measurement, is probably not 
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significant, and may well be due to slight differences in the moisture 
content of the dry materials, for the apparent molal volume is an 
exceedingly sensitive property. The value 194 corresponds to an 
electrostriction of 34 ce.; the value 199 to an eleetrostriection of 29 
ec. Both figures are nearly twice the value reported by Cohn for 
diglycine, namely 16.1 ce., and are about what would be expected 
if the two halves of the double dipeptide molecules were oriented 
independently of one another. They take their place, along with 
the other results, in what upon the whole appears to be a con- 
sistent picture of cystine and the various related compounds which 
we have considered. 


SUMMARY 


This paper is an extension of previous studies on the physical 
chemistry of various compounds related to cystine in aqueous 
solution. We report measurements of the dielectric constant 
of solutions of diglycyleystine, the results of which show that in 
regard to this property diglycyleystine is indistinguishable from 
its isomer cystinyldiglycine. This fact contributes additional 
evidence to that derived from other considerations for free rotation 
or its equivalent in these peptides. We present estimates of the 
actual magnitudes of the moments of these and of related com- 
pounds. We also report titration data for solutions of diglyeyl- 
cystine and for cystine itself, from which we calculate the titration 
constants. Owing to the symmetry of both these molecules, it is 
possible to pass from these constants to the actual acidity constants 
(intrinsic constants) of the individual groups, and this we have 
done not only for these compounds, but also for various other 
symmetrical cystine derivatives on the basis of data presented in 
earlier studies. Finally we report the apparent molal volume of 
diglycyleystine. This is nearly the same as that of the isomer 
cystinyldiglycine. 
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SACCHAROLACTONE AS A REAGENT FOR PRECIPITATING 
CERTAIN AMINES 


By ALTON C. KURTZ ano D. WRIGHT WILSON 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 


(Received for publication, June 16, 1939) 


The difficulties encountered in separating amines of biological 
origin suggested a study of the possible use of saecharolactone as 
a reagent for this purpose. Although the monoamide (1) and 
diamide (2) of saccharic acid have been made, the N,N’-substi- 
tuted saccharamides do not appear to have been described. A 
variety of procedures have been used for the preparation of the 
unsubstituted amides of aldoniec and saccharic acids. Among 
these methods have been the hydrolysis of the nitrile (3), ammonol- 
ysis of the ester (4), and treatment of the lactone with ammon- 
ium hydroxide (1), aleoholic ammonia (2), or liquid ammonia (5). 
Substituted amides of aldonic acids have been made by heating to 
high temperatures the appropriate lactone with suitable amines 
(6). It is the purpose of this paper to describe a method for the 
preparation of a number of N,N’-disubstituted saccharamides 
through treatment of amines with saccharolactone, both = in 
alcoholic solution, at room temperatures. 


EXPERIMENTAL 


Saccharolactone Reagent--Vhe lactone of saccharie acid as used 
in this work was prepared either from corn-starch or from com- 
mercial potassium acid saccharate according to the procedures 
given by Kiliani (7). The final thick, almost colorless, syrup was 
taken up in sufficient 95 per cent ethanol to make the resultant 
alcoholic solution, which contained both acid and lactone, ap- 
proximately 4 N in total saecharic acid. The concentration was 
determined by removing 1.00 ce. of the alcoholic solution to 
large volume of water in which the lactone was allowed to hydro- 
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lyze. The acid was then titrated with standard base, with 
phenolphthalein as indicator. 

The aleoholic solution of saecharolactone was not entirely 
stable. After 6 months at room temperature a reagent failed to 
react with ethanolamine, although it had reacted after 2 months. 
We believe the deterioration of the reagent was due to a slow al- 
coholysis of the lactone to give diethyl saccharate. This view is 
supported by the fact that if the very bitter, deteriorated reagent 
was hydrolyzed by boiling for several hours with a 10-fold volume 
of water in an open beaker, concentrated 7m vacuo, and taken up 
anew in 95 per cent ethanol, the reagent thus regenerated reacted 
rapidly with ethanolamine. Deterioration of the reagent was 
noticeable in the oldest solutions only with the less reactive amines, 
the 6 month-old solution noted above continuing to react with 
normal primary amines such as butylamine. 

Preparation of Substituted Saccharamides—The calculated 
amount of the saccharolactone reagent was added to an alcoholic 
solution of the free amine at room temperature. With the less 
soluble saccharamides precipitation of the desired compounds be- 
gan within a few seconds in the mixture which spontaneously had 
become warm; with the more soluble amides precipitation was de- 
layed for a few minutes or hours. After refrigeration the crystal- 
line material was filtered off by suction and washed with a small 
amount of cold ethanol followed by ether. Either aqueous ethanol 
or glacial acetie acid was used for recrystallization. The latter 
solvent was particularly effective in purifying the saccharamides 
derived from those amines with the higher molecular weights; the 
lower members gave saccharamides too soluble in acetic acid to 
permit its use with them. The yields of the analytically pure 
saccharamides obtained varied inversely as the solubility of the 
compounds and amounted to 24 to 69 per cent of the theoretical. 

The substituted saccharamides so prepared were all soft, color- 
less, crystalline compounds. On rapid reerystallization all the 
saccharamides gave scales or platelets with generally indefinite 
outlines -when viewed under the microscope. On spontaneous 
evaporation of saturated aqueous solutions, however, well de- 
veloped crystals of diverse habits were deposited. Thus N,N’- 
diisobutyl saccharamide gave rectangular plates up to 3 mm. 
long, which, though soft, possessed excellent cleavage, and the 
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piperidine derivative gave 5 to 6mm. prisms. ‘The melting points 
found (all corrected) are recorded in Table I. ‘Those sacchar- 
amides melting in the vicinity of 174° and above decomposed with 
browning and considerable frothing as they melted. That the 
lower temperatures recorded for a few compounds are true melting 
points rather than decomposition points is indicated by the fact 


TABLE | 


N .N’-Substituted Saccharamides 


Saccharamide derived 


from Formula M. p., corrected calculated N found 
"—. per cent per cent 
Methylamine CH ISS 11.87 11.71 
Ethylamine 174 10.6] 10.61 
n-Propylamine . CoH 179-18] 9.59 95S 
Isopropylamine CoH 176-178 959 9.60 
n-Butylamine 17s 75 8.75 
Isobutylamine 159 8.75 8 74 
n-Amylamine 173-174 8.05 8.08 
Isoamylamine. . 138 05 8.04 
n-Heptylamine 174-176 6.93 6.85 
Ethanolamine Ci 129-130 9.46 9. 41* 
Benzylamine | 200-201 7.16 
8-Phenylethylamine 185-186 6.73 6.74* 
Tyramine 204 6.25 6 .24* 
Piperidine 191 (turning 8.14 & 03 
dark above 
140°) 


* Nitrogen determined by the Kjeldahl method. 


that a sample of N,N’-diisoamyl saccharamide continued to melt 
at 138° after repeated melting and freezing. 

Solubilities in water of five representative saccharamides are 
given in Table II. These solubilities were determined by shaking 
an excess of the saccharamide with water for 4 to 6 hours at 
24.5° + 0.5° and evaporating a weighed filtered portion of the 
solution at 37°. The melting points of the compounds deposited 
on evaporation were unchanged. N,N’-Di-n-amyl saccharamide 
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could be dissolved in concentrated sulfuric acid. Pouring the 
fresh solution into a 20-fold volume of ice water reprecipitated the 
saccharamide with an unchanged melting point. After the sul- 
furic acid solution had stood for 380 minutes, this was no longer 
possible. 

Saturated aqueous solutions of the saccharamides were just 
faintly acid to nitrazine. The N,N’-di-(8-hydroxyethyl) saechar- 
amide was also faintly acid to nitrazine. We assumed that this 
faint acidity, together with other physical properties, was sufficient 
to establish our compound as the amide rather than the isomeric 
diaminodiethyl saccharate which would have resulted had the 
reaction between ethanolamine and saccharolactone taken place 
at the hydroxyl group instead of at the amino group of the base. 


TABLE II 
Solubility of Substituted Saccharamides in Water at 24.5° 
Saccharamide derived from Solubility 


gm, per 100 gm, solution 


n-Butylamine 0.25 
Isobutylamine 1.44 
n-Amylamine._. 0.02 
lsoamylamine 0.15 


Most of the substituted saccharamides prepared by us gave 
blue-violet colors with ninhydrin in the presence of a small amount 
of pyridine (8). The colors produced closely resembled those 
given by a-amino acids, but were very much fainter, particularly 
with the higher members. 

The values for nitrogen found in the saccharamides are given 
in Table I. In those derivatives whose parent amines were 
volatile with steam the nitrogen was determined by distillation 
from a strong sodium hydroxide solution into an excess of standard 
sulfuric acid with back titration of the excess. Previous addition 
of a small amount of ethanol to the distillation flask prevented the 
loss of the more volatile amines during the time air was escaping 
through the delivery tube and acid. In the case of the butyl 
and amyl derivatives duplication of results was impossible when 
aleohol was omitted. Saccharamides derived from non-volatile 
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amines were analyzed by a Kjeldahl method with selenium and 
copper as catalysts. 

Specificity of Saccharolactone As Precipitant for Amines——As was 
expected, neither tetramethylammonium hydroxide, trimethyl. 
amine, nor triethylamine gave evidence of reaction with sac- 
charolactone under our conditions. Further, none of a variety 
of secondary amines examined gave a precipitate, with the excep- 
tion of the heterocyclic piperidine. Pyrrolidine, the lower homo- 
logue of piperidine, failed to precipitate. The capacity to give 
substituted saccharamides under the conditions outlined seems, 
therefore, to be limited largely to primary amines. In the latter 
class of compounds precipitability is further dependent upon the 
symmetry of the carbon chain of the amine. This feature is 
particularly well illustrated by the fact that under comparable 
conditions n-butylamine gave almost immediate precipitation of 
the saecharamide, the isobutylamine derivative began to pre- 
cipitate only after 30 minutes, and secondary butylamine did not 
precipitate even after long standing. Likewise, n-amylamine and 
isoamylamine gave rapidly formed precipitates, whereas the 
isomeric 2-methyl-n-butylamine did not precipitate even though 
allowed to stand for several days. In view of these findings it is 
not surprising that compounds such as glycine ethyl ester and 
glycine butyl ester gave no evidence of reaction. On the other 
hand, the diamines, ethylenediamine, putrescine, and cadaverine, 
gave immediate and copious gummy precipitates which resisted 
all efforts to bring them to erystallization. 

Slowly formed crystalline precipitates were given by a number 
of aromatic amines. Nitrogen determinations in these precipitates 
gave unsatisfactory values, such as 7.30 per cent found for the 
aniline precipitate; calculated for N,N‘’-diphenyl saccharamide, 
7.78 per cent. The low values found may have been due to the 
difficulty of determining nitrogen in these compounds by the 
Kjeldahl method. The melting points (all with decomposition) 
found for the precipitates derived from the aromatic amines were 
aniline 204-205°, o-toluidine 190-191°, p-toluidine 202-203°, 
“xylidine’’ 190-191°, benzidine 275-280°. | 

The possibility that amide formation might not be the sole 
reaction between the amine and the reagent was investigated. 
A 0.4 N aqueous solution of saccharic acid tested against approxi- 
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mately equivalent amounts of ninety natural and synthetic nitro- 
gen compounds of various types failed to give insoluble saccharates, 
Although one might expect salts of saccharic acid to be less soluble 
in alcohol than in water, no saccharates were precipitated even 
when 2 volumes of ethanol were subsequently added to the aqueous 
solutions. Since the substituted diamides of saccharic acid con- 
tain a higher proportion of nitrogen than do other corresponding 
derivatives, such as the substituted ammonium salts of the half 
amides, the low nitrogen values found in the aromatic derivatives 
may possibly indicate some such salt formation. However, it 
must be noted that n-butylamine gave precipitates with identical 
nitrogen contents whether the base or the saccharolactone was 
present in 3-fold excess during the reaction. 

Our experiments demonstrate that saccharolactone should be 
useful in the separation of certain amines from their mixtures 
when the separation might otherwise be difficult. We have been 
able, for example, to precipitate N,N‘-di-m-amyl saccharamide in 
good yield from an equimolar mixture of n-amylamine and sec- 
ondary butylamine. The crystalline precipitate, washed thrice 
on the filter with alcohol and subsequently dried, melted sharply 
at 173-174°, the same as the analytically pure derivative. <A 
partial separation of the amines derived from leucine and from 
isoleucine was also possible. “These amines possess almost identi- 
cal boiling points, that of isoamylamine being given as 95-97° 
and that of 2-methyl-n-butylamine as‘ 95.5-96° (9). When an 
equimolar mixture of these two compounds in alcohol was treated 
with 1 equivalent of the saccharolactone reagent, only the 
N,N/-diisoamyl! saccharamide precipitated, and on one recrystal- 
lization melted sharply at 138.5°. An advantage in the use of 
saccharolactone to isolate amines lies in the fact that the volatile 
ones can be easily and quantitatively recovered from their sac- 
charamides by distillation from a strong sodium hydroxide solu- 
tion. A further desirable quality, that of the rather sharp 
specificity shown by saccharolactone for certain amines, has 
already been noted. 


SUMMARY 


Concentrated alcoholic solutions of saccharolactone react with 
certain amines at room temperatures to give N,N’-substituted 
saccharamides. Several of these new compounds are described. 
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Under the experimental conditions used, reaction with saecharo- 
lactone to give precipitates is limited largely to primary amines. 
Among the primary amines some further specificity is shown in 
that the more symmetric amines give the more rapidly formed and 
less soluble saccharamide precipitates. It is suggested that this 
specificity may be used in separating mixtures of amines. 
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A study of the chemistry and physiological action of /-xylulose 
(l-ketoxylose), the sugar occurring in pentosuria, has been impeded 
until recently because of the difficulty of procuring sufficient 
amounts of the carbohydrate. Synthetic methods, now avail- 
able, insure a small amount of this pentose in pure form, thus 
stimulating interest in its study. 

Many theories have been advanced as to the probable cause of 
pentosuria, but these remain in the field of conjecture. The 
rdle l-xylulose plays in carbohydrate metabolism is not clear, 
although it is generally agreed that xylulosuria cannot be due to 
faulty hexose catabolism. Normal rats were unable to utilize 
l-xylulose given by mouth, as shown by failure to deposit liver 
glycogen (1), although significant increases resulted (2) when the 
d form was given. It is surprising that /-xylulose, the naturally 
occurring sugar, does not appear to be metabolized in the rat, 
while its optical isomer, d-xylulose, which is not found in pento- 
suria, is utilized. Greenwald (3) isolated l-xylulose from human 
urine and injected it into normal dogs from which he could re- 
cover only 6 to 14 per cent in the urine, and thus he came to the 
conclusion that it was “further metabolized’’ in the body. Ap- 
parent discrepancies in the metabolism of /-xylulose in the rat and 
dog prompted extension of this investigation to the diabetic 
animal. Accordingly, we have prepared a sufficient amount of 
synthetic d- and /-xylulose to give to depancreatized dogs. If 
the pentose is transformed into glucose, it should be eliminated 
completely in the diabetic animal. 
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Methods 


Pancreatectomies were performed on two adult, mongrel female 
dogs in one operation under nembutal anesthesia. On the 3rd or 
4th day of fasting when the animals were completely diabetic, as 
shown by the D:N levels, the pentose was administered. d- 
Xylulose and /-xylulose were synthesized by the Schmidt and 
Treiber (4) method. /-Xylose, the starting material for the latter, 
was made from d-sorbitol by the von Vargha technique (5). 

Urine was collected both by catheter and from the cage. It 
was subjected to preliminary polariscopic examination or to 
sugar determination by Benedict and Osterberg’s picrate method 
(6) and appropriate dilution made for the Shaffer-Somogyi (7) 
sugar determination. Before this determination was made, the 
diluted urine was shaken with Lloyd’s reagent and permutit to 
remove interfering substances. For the non-fermentable values, 
the urine was diluted to contain 0.5 per cent or less sugar and 
fermented with washed yeast (8). The Kjeldahl method was 
employed for nitrogen determination. Blood was obtained by 
cardiac puncture or from the saphenous vein, and blood sugar 
determined by the Shaffer-Somogyi method (7). Aliquot portions 
of feces suspension and gastrointestinal tract washings were 
clarified as previously described (9) before their sugar contents 
were determined. Van Slyke’s hypobromite method (10) was 
used for urea and ammonia determination, and his gravimetric 
method (11) with Denigés’ reagent employed for total acetone 
bodies. 

Calculation of extra glucose was made according to the method 
of Lusk as described by Deuel and Chambers (12). This caleu- 
lation was made after glucose values had been corrected for non- 
fermentable sugar. All sugar values are expressed in terms of 
glucose, the only exception being those for xylulose. ‘The latter 
values were corrected for the slightly different reducing power of 
xylulose as compared with glucose. 


EXPERIMENTAL 


Data on the metabolism of l-xylulose are given in Table I. 
Following pancreatectomy Dog L4 (weight 13.0 kilos) was fed for 2 
days. After a 3 day fast, 5 gm. of the sugar were injected in- 
traperitoneally, and the glucose and nitrogen excretion followed 
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for 48 hours, after which 5 gm. of additional -xylulose were given 
by mouth, and the urinary glucose and nitrogen followed for a 


TABLE I 
Effect of l-Xylulose on Blood and Urine of Depancreatized Dog L4 


Nitrogen 


per hr. D:N°* 
gm. 

0.668 3.41 

0.540 3.36 

0.5384 3.32 

0.525 | 2.88 


5 gm. l-xylulose injected 


Urine 
Non- 

per hr. 

Ars. gm. gm, 
I 6.58 2.27 0.021 
II 16.95 0.022 
7.38 1.78 0.026 
IV 16.05 1.51 0.030 
V 2.75 2.36 0.610 
Vi | 2.2 0.104 
Vil | 0.046 
VIII 1.95 1.70 0.036 
IX 3.72 | 1.48 | 0.085 
X | 12.00 1.27 0.030 
XI | 1.41 | 9.0m 

17.65 1.11 | 0.034 


2.17 2.26 


AIV 1.92 1.90 
XV 2.03 1.33 
XVI 1.97 1.07 
XVII 3.85 0.80 
XVIII; 12.07 | 0.84 

1.53 1.49 


XIX 


0) .647 
0.596 
0.553 
0.553 
0.600 
0.506 
0.595 


0.484 


5 gm. /-xylulose 


0.495 


0.164 
0.065 
0.045 
0.034 
0.028 


0.709 


0.542 


0.479 


0.445 
0.389 


0.394 


0.495 


3.65 
3.21 
3.07 
2.47 
2.52 
| 2.37 
2.28 


per os 


* Corrected for non-fermentable sugar. 


Time 


—0.33 


Blood 
| | Non- 
Fer- fer- 
mentable menta- 
sugar ble 
sugar 
mg. mg. 
230 6 
253 10 
235 7 
236 
226 
233 12 
246 7 
| 262 2 
256 16 
261 17 
274 q 
282 4 
269 6 
265 6 
256 7 
256 7 
244 15 
268 


26 hour period. Blood sugar was determined at intervals during 


a period of 72 hours. 


4.17 
6.33 
29 
11.92 
24.03 
—0.23 
().47 
(}.97 
1.50 
| 63.19 2 30 
23 00 
6.18 
2.41 8.12 
2 05 11.97 
| 2.13 24 O08 7 
3.00 
} 
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D:N ratios were greatly increased after the injection and in- 
gestion of the sugar. ‘There was a definite rise in the hourly rate 
of total nitrogen excretion after each administration of the pentose, 
from 0.525 to 0.647 gm. after injection and from 0.484 to 0.709 
gm. after ingestion. The increase was in the urea plus ammonia 
fraction, since the comparable figures were 0.483 and 0.613 gm. 
for the injection experiment and 0.698 gm. after ingestion of the 
sugar. Total acetone bodies increased from 229 mg. per hour in 
Period III to 254 mg. per hour in Period V. Hourly excretion of 
non-fermentable sugar in the preliminary periods was fairly con- 
stant. Blood glucose rose from 230 to 253 mg. per 100 ce., and 
the non-fermentable sugar from 6 to 10 mg. per cent after injection 
of xylulose. After ingestion, the blood glucose rose from 262 to 
282 mg. per cent and the non-fermentable sugar increased to 17 
mg. per cent. The maximum blood sugar value was reached 
approximately 23 hours after the xylulose was injected, and this 
was confirmed by more frequent observations when the sugar was 
given per os. We have no explanation for the irregularities in 
the non-fermentable reducing material of the blood in the later 
periods. 

The uncorrected D:N ratio for preliminary Period IV is 2.94. 
The basal non-fermentable material in Period IV is 0.03 gm. per 
hour. Correcting for this non-fermentable sugar, we find that 
the true dextrose to nitrogen ratio becomes 2.88. On this basis 
the caleulated “extra’”’ glucose in excess of the non-fermentable 
sugar for approximately 9 hours following the injection of xylulose 
amounts to 3.05 gm. ‘This, together with 1.78 gm. of xylulose 
above the basal non-fermentable sugar in the urine, represents a 
97 per cent recovery of the injected sugar. 

If Period XII is taken as a base for the ingested sugar, the total 
D:N ratio of 2.35 corrected for non-fermentable sugar (0.034 gm. 
per hour) gives a true D:N ratio of 2.28. On this basis, calculated 
‘“‘extra’’ glucose in the next 8 hours comes to 3.28 gm. 1.34 gm. 
of xylulose (corrected for basal non-fermentable sugar) were 
found in the urine, thus accounting for 92 per cent of the ingested 
xylulose. 

The results obtained with d-xylulose are given in Table II. 
Dog Ll, weighing 10.5 kilos, was fed for 1 day and fasted for 4 
days after the pancreas was removed, then given 10 gm. of the 
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sugar by stomach tube. During the first 2 hours after the in- 
gestion there was a definite increase in the D:N ratio and glucose 
output and a slight rise in the hourly nitrogen excretion. Both | 
fermentable and non-fermentable sugar were increased in the 
blood, showing that the pentose was absorbed. Thus, for the 
first period after the sugar was given (Period V), the changes in 
metabolism resemble those found in the case of Dog L4 when 
l-xylulose was given. However, the results of this experiment 
cannot be considered as giving more than an indication of the 


TABLE I] 
Effect of d-Xylulose on Blood and Urine of Depancreatized Dog L! 


Urine Blood 
Time Glucowet fermentar Nitragen Time mentable mente 
per hr. sugar 
Ars. gm. gm. gm. Ars. mg. mg. 
7.33 | 0.995 0.014 0.323 | 2.43 
I] 16.10 0.561 0.010 0.218 | 2.57 
Il] 8.27 | 0.804 0.011 | 0.209 | 3.84 
IV | 16.33 | 0.446 | 0.010 | 0.152 | 2.94 | —0.12/ 310 3 
10 gm. d-xylulose per os 
V 2.22 | 0.704 0.124 0.169 4.16 2.25 329 l4 
VI 2.42 249 O94 0.059 4.18 4.72 411 21 
VII 3.20 — 0.612 0.025 0.025 2.42, 7.88 451 12 


* Corrected for non-fermentable sugar. 


metabolism of this sugar in the depancreatized dog. The animal 
vomited about 3 gm. of sugar 2 hours after ingestion, and further 
vomiting in the next 3 hours brought the total loss to about 7 
gm. ‘The marked drop in nitrogen excretion during Periods VI 
and VII and the rise in blood sugar probably reflect the unfavor- 
able condition of the animal, since it died during the night follow- 
ing the completion of Period VII. Postmortem examination 
showed evidence of distemper and bronchial pneumonia. 

The calculated “extra’’ glucose for the first period after d- 
xylulose was given (with Period IV as base), minus basal non- 
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fermentable sugar, amounts to 0.46 gm. of glucose. This with 
0.25 gm. of xylulose recovered from the urine gives a total of 0.71 
gm. for the first 2 hour period, whereas in Dog L4 the excretion 
for the same period was 1.40 gm. of “‘extra’’ glucose and 1.00 gm. 
of xylulose, a total of 2.4 gm. This incomplete experiment sug- 
gests that d-xylulose is metabolized in the dog in a similar manner 
to the levo isomer. 


DISCUSSION 


The excellent recoveries of 97 per cent from injected l-xylulose 
and 92 per cent from the ingested sugar approach those for glucose, 
making it appear that the sugar was almost quantitatively re- 
covered. ‘These recoveries are calculated from the early periods 
after sugar administration and it is evident from Table I that the 
D:N ratios for the later periods (IX to XII and XV to XVIII 
inclusive) are below the basal level. This suggests a possible 
retention of glucose in the later periods to compensate for the extra 
excretion of glucose during the first 8 hours after each administra- 
tion of xylulose. If the entire excretion of fermentable sugar for 
the 3 days of observation after sugar administration (Periods V to 
XIX inclusive) is compared with the nitrogen for the same period, 
a D:N ratio of 2.58 is obtained, which is slightly lower than the 
initial basal value of 2.88. . 

If, however, it is assumed that the basal D:N ratio was con- 
stantly falling and the calculation is made on the basis of the 
average of the basal ratios 24 hours before and 24 hours after the 
extra excretion (Periods III and IV; XI and XII as base), the 
“extra’’ glucose derived from injected xylulose amounts to 2.66 
gm. instead of 3.05 gm. It may be estimated from determinations 
on comparable animals that Dog L4 had approximately 0.50 gm. 
of glycogen in the liver and 6.5 gm. in the muscles. The extra 
sugar could not therefore be ascribed to mobilization of liver 
glycogen. It seems unlikely that in 8 hours the muscle glycogen 
would be depleted to such a large extent, since in the rat (1) there 
was no change in blood lactic acid after administration of the 
sugar. The more probable interpretation is that /-xylulose is 
converted into glucose in the diabetic dog. By analogy with 
glutamic acid, it might be anticipated that 3 of the 5 carbon 
atoms would enter into the formation of glucose. The calcula- 
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tions of the data from Table I are not sufficiently quantitative to 
establish this point. The slight change in total acetone body 
excretion would indicate that the metabolism of the pentose did 
not proceed through the formation of a ketone body stage. 

The significance of the marked increase in nitrogen excretion 
for the first few hours after the sugar was administered to Dog 
L4 is questionable. Greenwald (3) has called attention to a rise 
in urinary nitrogen in normal dogs after the injection of /-xylulose 
and d-xylose. Glucose in larger amounts (25 to 50 gm.) may 
produce in the depancreatized dog a temporary increase which is 
probably associated with the increased glycosuria, since the 24 
hour urines show no significant change (13). <A caleulation of the 
nitrogen excretion in 24 hour periods from the data in Table I 
on Dog L4 shows an average of 0.528 gm. per hour for the first 
basal period, 0.551 after /-xylulose was injected, 0.512 for the 
next basal period, and 0.445 after sugar ingestion. This variation 
in the two experiments indicates that little importance can be 
attached to the initial rise in nitrogen excretion. 


We wish to express our thanks to Dr. J. E. Sweet for performing 
the surgical operations. 

d-Sorbitol for the preparation of /-xylose was generously fur- 
nished by the Atlas Powder Company. 


SUMMARY 


l-Nylulose was given in 5 gm. quantities both intraperitoneally 
and by mouth to a depancreatized dog. Only 27 and 36 per cent, 
respectively, of the administered pentose was recovered in the 
urine as non-fermentable sugar. It was calculated that from 2.7 
to 3.3 gm. of “extra’’ glucose were excreted. The evidence in- 
dicated that /-xylulose can be transformed into glucose in the 
diabetic dog. The small changes noted in the excretion of nitrogen 
and of ketone bodies were not considered to be significant. 

An output of ‘‘extra’’ glucose in the urine and increases in the 
fermentable and non-fermentable sugar of the blood occurred in 
the early part of the experiment with d-xylulose. The experi- 
mental results with d-xylulose were not susceptible to definite 
interpretation, owing to the unfavorable condition of the dog. 
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STUDIES ON ANIMAL LIPIDS 


XIV. THE DETERMINATION OF LECITHIN, CEPHALIN, AND 
SPHINGOMYELIN IN BODY FLUIDS AND TISSUES; 
WITH ANALYSES OF NORMAL HUMAN SERA* 


By S. J. THANNHAUSER, JOSEPH BENOTTI, anp 
HAROLD REINSTEIN 


(From the Medical Clinic of the Boston Dispensary and Tufts College Medical 
School, Boston) 


(Received for publication, June 14, 1939) 


The investigation of problems pertaining to the physiology and 
pathology of phospholipid metabolism has been considerably 
hindered in the past through lack of adequate quantitative 
methods. Phosphatide studies were for the most part limited to 
the total phospholipid determination, no differentiation being 
made among the individual members. Attempts to determine 
cephalin through the agency of its amino group were among the 
first endeavors at analytical differentiation. Subsequent in- 
vestigation, however, by Van Slyke (1) and his coworkers indi- 
eated that such a means cannot be employed in determining 
cephalin, owing to the interference of other amino compounds. 
Thannhauser and Setz (2) proposed a procedure for the determina- 
tion of sphingomyelin in blood serum and tissues, the estimation 
being effected by precipitating the latter substance with Reinecke 
acid. A method for the determination of cephalin was lately 
described by Williams et al. (3). Appearing soon after, was the 
publication by Kirk (4) presenting a method for the approximate 
estimation of each of the phosphatides. 

In our present publication we shall describe a method for de- 
termining the cephalin content of body fluids and tissues. When 
combined with the procedure of the senior author mentioned 
above, this method also permits of the simultaneous determination 
of lecithin and sphingomyelin. 


* This study was aided by grants from the Rockefeller Foundation, 
the Bingham Associates Fund, and the Charlton Fund. 
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EXPERIMENTAL 


The cephalin determination is accomplished by the hydrolysis 
of the phosphatides and subsequent estimation of the liberated 
choline. The choline, being representative of lecithin and sphin- 
gomyelin, is expressed in terms of the latter by multiplication with 
an appropriate factor. On subtraction of the resulting value from 
the total phospholipids present, the concentration of cephalin is 
indirectly arrived at. Similar in outline is the method of Williams 
and his coworkers. These investigators employ in their proce- 
dure aqueous barium hydroxide to liberate choline. We have 
observed, however, that an alkaline hydrolysis as used by those 
workers brings about only a partial splitting of the sphingomyelin 


TABLE 
Hydrolysis of Sphingomyelin with Methyl HCI 


3.28 21.8 —0.4 


mg. | mg. mg. mg. 
20.2 | 3.14 20.9 +0).7 
21.4 | 2.99 19.9 —1.5 
20.5 | 3.02 | 20.1 —0.4 
22.6 3.05 | 20.3 —2.3 
22.3 3.20 21.3 —1.0 
22.2 


present, the extent of the hydrolysis of this lipid rarely exceeding 
65 per cent by this procedure. 

Since sphingomyelin is the more difficultly decomposed of the 
two choline-bearing lipids, a search was made for a more effective 
hydrolytic agent, the ability to hydrolyze sphingomyelin com- 
pletely being used as a criterion. The samples of purified sphin- 
gomyelin employed in the following studies were prepared according 
to the procedure described by Thannhauser and Setz (5). Hydro- 
chloric acid and sulfuric acid in several concentrations and in both 
aqueous and alcoholic solutions were then tested for their hydro- 
lytic powers. Bases such as sodium methylate and water-alcohol 
solutions of barium hydroxide were also investigated. In all 
cases, either the recovery of choline was poor, or its estimation was 
accompanied by unsurmountable technical difficulties. These 
difficulties were for the most part precipitation of large quantities 
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of salts when the alkaline hydrolysis mixtures were neutralized 
prior to the choline estimation. It was then found that a solution 
of gaseous hydrogen chloride in absolute methanol proved to bring 
about practically complete hydrolysis of known quantities of 
sphingomyelin. Its use had the advantage of allowing the hy- 
drogen chloride to be readily driven off after the hydrolysis, 
thereby rendering neutralization unnecessary. In Table I are 
presented a number of tests in which known quantities of sphin- 
gomyelin were subjected to hydrolysis by this reagent. Choline 
was estimated in the sphingomyelin hydrolysates by a photo- 
metric method which will be described below in connection with 
the determination of cephalin. 


Determination of Sphingomyelin 


In a previous publication we described a method for determining 
sphingomyelin by precipitating it as the reineckate (2). We 
reported the occurrence of both an acetone-soluble and an acetone- 
insoluble reineckate. It was suggested by us that the acetone- 
soluble reineckate might be q reineckate of a different sphingo- 
myelin. Consequently the directions given at that time were to 
weigh both fractions together and to calculate the sphingomyelin 
from the total weight. Subsequent investigation by us of that 
compound has revealed that the acetone-soluble fraction is not a 
sphingomyelin reineckate. Because of this, it is now necessary 
to wash the mixture of both reineckates with acetone. Sphingo- 
myelin reineckate being insoluble in this solvent remains behind. 

The gravimetric factor 0.877 which was given in that paper was 
based on a trimeric structure of sphingomyelin. It was caleu- 
lated on the assumption that 1 mole of trimeric sphingomyelin 
(polydiaminophosphatide) combined with 1 mole of Reinecke 
acid. Thannhauser and Benotti (6) have since shown that the 
conception of a trimeric sphingomyelin can no longer be upheld. 
Although complete analysis of purified sphingomyelin reineckate 
yields constant analytical values, a definite stoichiometric rela- 
tionship between the lipid and the Reinecke acid cannot thus far 
be advanced. Because constant values are obtained on analysis, 
we believe it justifiable to establish a factor based on the phos- 
phorus content of the sphingomyelin reineckate. Phosphorus 
determinations were performed on a considerable number of 
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reineckates of sphingomyelin. The total phosphorus in each 
case was multiplied by 25, the factor which is generally employed 
to convert lipoid phosphorus to phosphatide. The actual sphingo- 
myelin content of the reineckate was thus readily determined and 
the factor calculated therefrom. 


Example—44.4 mg. of sphingomyelin reineckate were taken; found, 1.4 
mg. of phosphorus. 1.4 K 25 = 35 mg. of sphingomyelin. The factor = 
35/44.4 = 0.788. 


On the basis of many such determinations we have constantly 
arrived at the factor 0.788. 

In brief, the determination of sphingomyelin is performed 
exactly as previously described, except that, prior to weighing, 
the reineckate is washed with acetone. By substitution of the 
factor 0.788 for the one previously given, the lipid content of the 
reineckate is obtained. In view of the fact that these corrections 
affect the findings of sphingomyelin in normal sera as previously 
given by us, we present corrected values in this publication. 


Determination of Cephalin 


Reagents 

A solution of gaseous HC] in absolute methanol (approximately 
5 N). 

A freshly prepared aqueous solution of Reinecke salts.! 

Procedure—A chloroform-methanol extract of the serum or 
tissue being investigated is prepared as described previously (2). 
In the case of serum it is necessary to use moderately large quan- 
tities (25 to 50 cc.) because of the fact that sphingomyelin occurs 
in small quantities. Sphingomyelin and total phospholipids are 
determined in aliquots of this extract according to the directions 
given in the earlier paper (2). (The corrections just given should 
be incorporated into the sphingomyelin determination. ) 

For the determination of cephalin, a 10 ec. portion of the extract 
is drawn into a 25 cc. flask and evaporated to dryness on a water 
bath. The residue is extracted with several changes of boiling 
chloroform and filtered into a small round bottomed flask, the 
filtrate being evaporated to dryness once more. ‘The reason for 
this resolution in chloroform will be dealt with in the discussion 


! This may be purchased from the Eastman Kodak Company. 
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of this paper. 5 cc. of the methyl HCI solution are now added to 
the residue and the solution is refluxed for about 3 hours. By 
this treatment, the phosphatides are decomposed and the choline 
liberated. After this, the hydrolysate is concentrated to dryness 
in vacuo and the residue is quantitatively transferred with several 
changes of water to a 15 ec. graduated centrifuge tube. The 
suspension is well mixed and then centrifuged for 15 minutes, 
causing the fatty hydrolytic products to rise to the top of the 
fluid. After centrifugation, the volume of the fluid is noted and 
an aliquot (5 ec.) is removed by carefully introducing a pipette 
beneath the fatty layer. <A slight turbidity at this point is of 
no serious consequence and may be disregarded. ‘To the aliquot 
are added 5 cc. of a freshly prepared, saturated, watery solution 
of Reinecke salts. The mixture is placed in a refrigerator over- 
night to insure quantitative precipitation of the choline reineckate. 
The reineckate is then filtered through a porous Gooch crucible 
by suction. It is important at this point to wash the precipitate 
freely with large changes of water until no further color is ex- 
tracted. If the reineckate has a brownish tinge, this may be 
dispelled by passing through a small quantity of chloroform, 
followed by an ether wash. 

A test-tube is now placed under the crucible adaptor, and 
without suction 2 or 3 ce. of acetone are added to the crucible. 
The contents are gently agitated with a glass rod, after which 
the acetone solution is sucked through. This process is repeated 
with small quantities of acetone until no more reineckate remains. 
The choline reineckate solution is now transferred to a graduated 
centrifuge tube and brought to the 10 ce. mark with acetone. 
A turbidity in the solution may be removed by centrifuging for 
several minutes. When clear, the intensity of the red color is 
measured with the Zeiss step-photometer. By means of a graph 
(described under ‘‘Determination of choline’) the amount. of 
free choline represented by the reineckate solution is arrived at. 

The combined quantity of lecithin plus sphingomyelin is ob- 
tained from the calculated amount of choline present in the entire 
chloroform-methanol extract, multiplied by 6.65. When this is 
expressed as mg. per cent of the sample analyzed and is sub- 
tracted from the mg. per cent of total phospholipids, the value of 
cephalin is obtained. 
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Determination of Choline 


The ability of Reinecke acid to yield a derivative of choline has 
already been utilized with much success by previous investigators, 
for both purposes of isolation and quantitative estimation (7, 8). 
It was deemed advisable to carry out the colorimetric measure- 
ments in the Zeiss step-photometer, since by this agency a greater 
accuracy is achieved and the need for standards obviated. For 
the preparation of the graph, for use with this instrument, a 
sample of pure choline reineckate was prepared. The reineckate 
should be freely washed with water until no further color is ex- 
tracted. The sample which was prepared and used by us for this 
purpose yielded 22.5 per cent N by the Kjeldahl method (theory 
22.3 per cent N). 100 to 150 mg. were accurately weighed and 
dissolved in 100 ec. of acetone. Aliquots ranging from 1 to 10 ce. 
were withdrawn and brought to volume with acetone in 10 ce. 
volumetric flasks. These were then read in the step-photometer, 
and the extinetion coefficients obtained were plotted against the 
quantities of free choline (base) represented by the reineckate 
present. The latter value is obtained by multiplying the weight 
of reineckate in each aliquot taken by 0.287. <A green filter, 
8-53, was found to give the best results in this determination. 


Determination of Lecithin 


The lecithin value is obtained by deducting the mg. per cent of 
sphingomyelin from the combined per cent of lecithin plus sphin- 
gomyelin as calculated from the choline determination on the 
lipid hydrolysate. 

DISCUSSION 


Because of the mutual solubilities of the various phospholipids, 
separation of small quantities of any one cannot be quantitatively 
effected by differential solubility. This objection may be raised 
against the procedure recently advanced by Kirk (4). In that 
method, sphingomyelin is estimated by separating it from the 
accompanying monoaminophosphatides by moist ether. The 
insoluble residue, which is expected to be sphingomyelin, is then 
subjected to phosphorus analysis. If for example, 5 cc. of serum 
are employed, as he recommends, and assumed to contain the 
quantity of sphingomyelin which he considers normal, the actual 
quantity which would be isolated for a phosphorus estimation 
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would be but 0.87 mg. The isolation of such small amounts of 
substance by purely physical methods must of necessity be sub- 
ject to considerable analytical error. In an aliquot of an extract 
of this same quantity of serum, the above investigator determines 
cerebrosides by reduction after hydrolysis. We believe we pos- 
sess evidence to the effect that there are present in blood serum 
other substances which give reduction after hydrolysis. We 
were, moreover, unable to isolate cerebrosides in quantities of 
serum as large as 1600 ec. (bovine). 

There is evidence which indicates that choline and related sub- 
stances may occur in the free state in serum and tissues (9). Since 
in our method only lipid-bound choline is of significance, the pres- 


TABLE II 
Phospholipid Analyses of Normal Human Serum 


The values are expressed as mg. per 100 cc. of serum. 


| | | | contain | 
196 23.8 79.0 95.2 
202 | 9.80 245.0 92.9 133.5 88.6 
203 22.5 9.0 106.5 
204 13.8 95.0 95.2 
10.90 272.0) 21.2 47.0 203.8 
213 8.60 215.0 33.9 131.5 49.6 
Average. 9.04 | 226.0 23.0) 96.0 107.0 


ence of the free substance would constitute a potential source of 
error. It is for this reason that the extracted lipids are redis- 
solved in chloroform. Choline, being practically insoluble, is 
left behind. By this procedure we have succeeded in isolating 
free choline from tissue extracts. 

In Table II are presented values elicited by a study of normal 
human sera by means of the method presented. Of the serum 
phospholipids, lecithin and cephalin appear to predominate, 
both being present in practically equal amounts. This tends to 
indicate a different physiological function of the three phospho- 
lipids. Lecithin and cephalin are apparently used to transport 
glycerides as choline and ethanolamine phosphoric acid esters, 
respectively. Thus their concentration in the serum is variable, 
and is dependent on both the food intake and on other factors 
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which influence fat transport from the depots to other organs (10). 
To obtain comparable values it is therefore necessary to take the 
blood of fasting subjects. 

Sphingomyelin is the minor component of the serum phos- 
phatides, constituting approximately 10 per cent of the total. 
The concentration of serum sphingomyelin appears also to remain 
at a reasonably constant level in contrast to the values of the 
monoaminophosphatides. The conditions which are capable of 
affecting the lecithin and cephalin content of serum appear to 
have little influence on the sphingomyelin. 

It will be remembered that the cephalin is obtained by sub- 
traction of the total choline-bearing lipids (lecithin and sphingo- 
myelin) from the total phospholipids. Any rise in the lipoid phos- 
phorus not due to phosphatides will therefore affect the cephalin 
findings. We have on rare occasions observed such an increase 
in serum which could not possibly be attributed to phospholipids. 
Such occurrences are, however, extremely infrequent and offer 
no serious obstacle. 


SUMMARY 


1. A method is presented whereby the lecithin, cephalin, and 
sphingomyelin content of body fluids and tissues may be de- 
termined. 

2. The quantities of these three phospholipids in the serum of 
normal fasting individuals are reported. Sphingomyelin was 
found to vary between 15 and 35 mg. per cent, cephalin from 50 
to 130, and lecithin from 50 to 200. 
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STUDIES ON ANIMAL LIPIDS 


XV. THE LECITHIN, CEPHALIN, AND SPHINGOMYELIN 
CONTENT OF NORMAL HUMAN ORGANS * 


By S. J. THANNHAUSER, JOSEPH BENOTTI, ALEXANDER 
WALCOTT, ann HAROLD REINSTEIN 
(From the Medical Clinic of the Boston Dispensary and Tufts College Medical 
School, Boston) 


(Received for publication, June 14, 1939) 


In the preceding communication, a method was presented for 
the determination of lecithin, cephalin, and sphingomyelin in 
body fluids and tissues (1). In that publication we presented also 
analyses of a number of normal human sera performed by the 
procedure described. It is the purpose of this paper to present 
the results of studies of the lecithin, cephalin, and sphingomyelin 
content of normal human organs. ‘To the best of our knowledge, 
phosphatide analyses of various organs in which the three different 
phospholipids have been analytically differentiated have not been 
published. The tissue analyses were performed on material 
dried as described in a former paper (2). To arrive at compar- 
able results in organ analyses it is necessary to proceed from the 
dried material, since the water content of organs is variable and 
because wet tissues are not as permeable to organic solvents. 

In Table I are presented phospholipid values elicited by a study 
of normal brain, lung, spleen, kidney, liver, and heart. As may 
be seen, brain far surpasses any other organ in cephalin and 
sphingomyelin content, the cephalin exceeding the lecithin by far. 
For this reason, apparently, brain has been frequently employed 
as a convenient source of cephalin by many investigators (3, 4). 
In liver and spleen, we observed lecithin and cephalin to occur 
in almost equal amounts. In kidney, lung, and heart, however, 
lecithin predominates in a proportion of about 2:1. 


* This study was aided by grants from the Rockefeller Foundation, 
the Bingham Associates Fund, and the Charlton Fund. 
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The sphingomyelin appears to be relatively constant for each 
organ, varying only within comparatively narrow limits, an ob- 
servation already made by us on serum. Brain appears to contain 
5 to 6 times more sphingomyelin than any other organ, the lung 
exhibiting the next highest amount. In liver, kidney, spleen, and 
heart, only small quantities of sphingomyelin are to be found. 


TABLE I 
Phospholipid Analyses of Normal Human Organs* 


The values are expressed in mg. per 100 mg. of dried tissue. 


Specimen No. | | Cephalin | Lecithin 
Brain.* 266 1.420 | 35.50 4.5] 26.05 4.94 
287 1.050 26.30 6.82 14.80 4.68 
Average 1.235 30.90 5.66 20.42 4.81 
Lung. 272 ().242 6.05 0.93 1.37 3.75 
275 0.237 9.99 1.97 3.98 
283 0.317 7.94 1.47 2.64 3.83 
Average (). 266 6.65 1.45 2.00 3.85 
Spleen. 269 0.218 | 5.45 0.71 1.60 3.14 
273 0.452 11.30 0.91 6.87 3.52 
277 0.357 8.94 0.96 4.0] 3.97 
Average 0.342 8.56 0.86 4.16 3.54 
271 0.376 9.40 | 0.75 4.27 4.38 
282 0.290 1.20 | 6.63 
Average 0.320 8.00 | 0.72 3.26 5.10 
Liver. 265 ().445 11.10 0.30 5.40 5.40 
270 0.367 | 9.16 | 0.43 3.01 5.72 
284 0.365 9.14 0.41 5.43 3.30 
Average 0.392 9 80 4.62 4.8] 
Heart. 268 0.250 6.25 0.21 2.78 3.26 
276 0.300 7.50 0.46 1.35 5.69 
Average 0.275 6 87 0.34 2.06 4.47 


* Including both white and gray matter. 


It will be of interest to observe whether the values for the 
various phospholipids vary in their proportions in organs under 
pathological conditions, especially in so called fatty degeneration. 


The authors wish at this time to express their gratitude to Dr. 
Frederic Parker, Jr., and Dr. Timothy Leary of the Mallory 
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Institute, and to Dr. Sidney Farber of the Children’s Hospital for 
] their kindness in furnishing the normal organs used in these 
experiments. 
SUMMARY 
Phospholipid values obtained by a study of normal brain, lung, 
spleen, kidney, liver, and heart are presented. 
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MICROESTIMATION OF CALCIUM IN SERUM* 


By ALBERT E. SOBEL ann BERNARD A. SOBEL 


(From the Pediatric Research Laboratory and the Division of Biochemistry, 
The Jewish Hospital of Brooklyn, New York) 


(Received for publication, June 8, 1939) 


The method originally developed for 2.0 ce. of serum (0.10 to 
0.36 mg. of Ca) (1) has been modified to adapt it for the analysis 
of calcium in 0.1 ec. of serum (0.005 to 0.018 mg. of Ca). To ae- 
complish this change a specially designed small centrifuge tube 
was introduced. The volume in which the calcium oxalate is 
precipitated as well as the volume of the washing fluid was de- 
creased. Furthermore, a capillary microburette was employed 
in the final titration. This burette is calibrated to 0.001 ec. and 
estimations of 0.0001 cc. may be made. 

The principle of the method is presented below. 


pH 5 5-6 0) 


Cat? + — CaC.0, 
475-525° 
CaCO; + H;BO;(hot 10% solution) Ca;(BO,), 
Ca;( BOs), + 6HCl 3CaCl, + 2H;BO; 


Calcium ion is precipitated as the oxalate, which is then con- 
verted to the carbonate at a temperature of 475 525°. The ear- 
bonate is dissolved in a hot solution of 10 per cent boric acid. 
This solution is diluted and titrated directly with 0.01 Nn HCl to 
the pH of a pure boric acid solution of similar strength. This ti- 
tration represents the amount of calcium in equivalents. 

This method has a number of desirable features. The proce- 


* Presented before the American Society of Biological Chemists at 
Toronto, April 26 29, 1939 (Proc. Am. Soc. Biol. Chem., J. Biol. Chem., 128, 
p. xev (1939)). Partially presented before the Microchemical Division of 
the American Chemical Society at Baltimore, April 3-7, 1939. 
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dure is simple and accurate in spite of the small amounts involved. 
A direct titration is employed, with a sharp end-point. The 
standard 0.01 N HCI used is stable. Oxalate ion is employed in 
the washing fluid and thus loss of calcium oxalate precipitate 
through solution is minimized. Only one washing is necessary, 
as adsorbed oxalate ions are volatilized during the conversion of 
the oxalate to the carbonate. 


Method 


Reagents 

Ammonium oxalate, saturated. A saturated solution of cP. 
ammonium oxalate is prepared at 40 50° and allowed to cool to 
room temperature. The clear supernatant solution is used. 

Ammonium oxalate, 0.5 per cent. 0.5 gm. of c.P. ammonium 
oxalate is made up to 100 ml. with distilled water. 

Indicator. 2.0 gm. of a good grade of methylene blue and 
5 gm. of methyl red are dissolved in 500 ml. of 95 per cent alco- 
hol. This solution is then diluted to 1000 ml. with water. If the 
final solution is not clear, it is filtered. 

Boric acid solution. 10 gm. of recrystallized borie acid are dis- 
solved in 100 ec. of distilled water by heating. This solution is 
supersaturated at room temperature and consequently it is heated 
before use until the boric acid has gone into solution. This solu- 
tion is used while hot. To 1.0 cc. of the hot solution 3 drops of 
the indicator are added and this is used to dissolve the carbonate. 

0.01 N acid is prepared by dilution of accurately standardized 
0.1 N hydrochloric or sulfuric acid. Some of the acid is kept in 
the reservoir in the burette; the remainder in a tightly stoppered 
bottle. 

Apparatus! 

Miecroburette. The self-fillng capillary microburette used 1s 
illustrated in Fig. 1. The total graduated portion is 0.100 ml. 
and is graduated to 0.001 ml. The distance between divisions 1s 
is 2.5 mm., which is sufficient to allow for estimations of 0.0001 
ml. with ease. The total length of the graduated portion is about 
25 em. long, with a diameter of about 0.73 mm. The micrometer 
arrangement at the bottom of the burette allows for delicate 


! The burette and the centrifuge tube may be obtained at the Technicon 
Company, 215 East 149th Street, New York. 
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manipulation of the amount of standard solution introduced or 
expelled during a titration. By a simple turn of the stop-coek and 
the micrometer one can fill the capillary burette. In filling the 
burette an air space is left between the mereury and the liquid. 
The mereury in this microburette is used only to seal the ground 
glass portion at the bottom to eliminate air leaks. An air eushion 


hia. 1. Assembly of self-filling capillary microburette 


is used to fill the burette and expel liquid during a titration. 
After filling the burette, one is ready for titration by turning 
the stop-cock and the micrometer is used to expel the liquid in 
the capillary burette until the end-point is reached. The micro- 
centrifuge tubes are rimmed and are held by a rack attached to 
the same wooden stand which holds the microburette. This 
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rack has two spaces. The second space can hold a control tube 
which in this method contains pure borie acid and imdicator of the 
same concentration as is found at the end of the titration. “Thus, 
the color matching of the end-point is simplified. A slow stream 
of air is passed from a pressure bulb into the solution for muxing 
during titration. The stream of air may be regulated by «a fine 
valve. 

Centrifuge tube. This is a specially designed Pyrex glass tube 
of 1.2 to 1.5 mm. wall thickness. The over-all length is 69 to 
7lmm. The internal diameter is from 10 to 12mm. The conical 
portion of the tube is about 28 mm. in length and has a flat bot- 
tom of approximately 2.0 mm. diameter. The flat bottom on 
these tubes is important, as it allows the precipitate to pack down 
ina thin flat layer, allowing it to be easily dissolved subsequently, 
Moreover, it permits the aspiration of almost the entire super- 
natant liquid above the precipitate. The tube is rimmed so that 
it may be held in the rack of the microburette. 

The O.1 ce. pipette is a capillary pipette graduated im O.OL ce. 
between marks. The over-all length of the graduated portion Is 
about 140 to 150 mm. 


Procedure 


0.1 ml. of serum or other caletum-containing solution Is meas- 
ured into one of the specially designed Pyrex centrifuge tubes. 
(The tube is cleaned with an aeid sulfuric-dichromate solution, 
thoroughly rinsed with distilled water, and then dried in an oven.) 
To this 0.1 mi. of saturated ammonium oxalate and 0.1 ce. of dis- 
tilled water are added. The solutions are mixed by gentle tap- 
ping, care being taken that none of the solution rises more than 
half way in the tube. The tube is then stoppered and allowed to 
stand for 3 hours to precipitate the caletum completely. The 
stopper is removed and the contents centrifuged at about 2000 
k.P.M. for 15 minutes. The supernatant fluid is then aspirated to 
within | mm. of the flat bottom by a fine pipette, drawn down 
from 7 mm. tubing, with a rubber bulb at the end. ‘The aspirator 
may also be attached directly to a water pump instead of a rubber 
bulb. The precipitate is then mixed with the remaining liquid by 
gentle tapping. “To wash the precipitate, 0.38 ml. of 0.5 per cent 
ammonium oxalate is added to the tube and mixed by gentle 
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tapping. The precipitate is recentrifuged for 15 minutes and the 
supernatant fluid again aspirated to within 1 mm. of the bottom 
of the tube. The tube is placed in an oven at 110° until dry and 
then in a muffle furnace at 475-525° for 30 minutes to convert the 
oxalate to the carbonate. If a muffle furnace is not available, a 
sand bath may be used. The tube may also be held over a 
Bunsen burner for 5 minutes, but this is not reeommended, as it 
is liable to round out the flat bottom. After removal from the 
furnace, the tube is allowed to cool. It is then immersed in a 
boiling water bath and 0.05 ml. of hot 10 per cent boric acid 
with indicator is added. This is prepared just before use by add- 
ing indicator to the hot 10 per cent boric acid in the proportion of 
2 or 3 drops of indicator to 1.0 ml. of boric acid solution. The 
precipitate dissolves completely in a few minutes. Gentle tapping 
aids in the solution. While hot, 0.2 ml. of water is added and 
the solution mixed by gentle tapping. The solution is allowed 
to cool to room temperature, and is then ready for titration. For 
titration a capillary microburette (Fig. 1) is used. The tip of the 
burette is immersed in the solution while a gentle stream of air is 
bubbled through. The solution is titrated back to the pH of a 
pure boric acid solution of similar strength. For comparison, 
0.05 ml. of the boric acid with indicator is pipetted into a similar 
tube and then 0.25 ml. of water is added. The titration rep- 
resents the titrimetric equivalent of calcium determined directly. 

Calculation—-1 ml. of 0.01 N acid equals 0.20 mg. of calcium. 
Mg. of Ca present = ml. X 0.2. If 0.10 ml. of blood serum is 
used, then the mg. of Ca per 100 ml. of serum = 200 X ml. used 
in titration. 

For a reasonably rapid conversion of calcium oxalate to car- 
bonate a temperature of at least 475° is required. At tempera- 
tures much above 525° the conversion to calcium oxide begins. 
Therefore, the optimum temperature for the conversion of cal- 
clum oxalate to carbonate is 475-525° (2). The actual tempera- 
ture of the muffle furnace in the present studies is about 550- 
600°. At this temperature the conversion of the oxalate to car- 
bonate takes place in about 15 minutes. It is likely that some 
calcium oxide is also formed under these conditions. This, how- 
ever, does not influence the results, as the acidimetriec equivalent 
of calcium oxide is identical with that of caletum carbonate. An 
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insufficient heating period or a temperature below 475° will result 
in an incomplete conversion to the carbonate and give low results. 
In case of incomplete conversion, it will be noted that the precipi- 
tate will not dissolve completely in the hot boric acid. 

Since the temperature as well as the concentration of the boric 
acid influences its degree of dissociation, care was taken to keep 
these factors fairly constant. If work of a higher degree of preci- 
sion is necessary, these factors must be carefully standardized. 
In the present study no unusual effort was made to standardize 
these conditions, as the precision of the method is satisfactory for 
our purposes under the conditions described. The temperature 


TABLE I 


Determination of Calctum in Inorganic Solution 


(‘a present Ca found 
mg. mg. 
0.00700 0.00718 
0.00700 0.00694 
0. 00800 0. 00820 
0). QO800 0.00770 
0.00900 0.00892 
0.00900 0.00904 
0.01000 0. 00986 
0.01000 0.01018 
0.01100 | 0.01102 
0.01100 | 0.01076 


during titration was within 5° of room temperature and the final 
volume of the titrated solution was within —0.02 to +0.04 ce. 
of that of the pure boric acid in solution used for color comparison. 

It was found that at room temperature a saturated solution of 
boric acid will not dissolve caleitum carbonate. At 100° a solu- 
tion of boric acid saturated at room temperature, about 4 per cent, 
will dissolve the carbonate only after several days. If, however, 
a 10 per cent solution, which is above the saturation point at 
room temperature but below it at 100°, is used, this will dissolve 
the precipitate within 1 to 2 minutes in a boiling water bath. 
Once the carbonate has dissolved, the solution may be diluted so 
as to prevent the precipitation of the excess boric acid upon cool- 
ing. In measuring out the hot boric acid, it is advisable to pre- 
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heat the pipette used to prevent precipitation of borie acid in the 
pipette. 
Results 


In Table I representative results on known inorganic solutions 
are shown. ‘The average deviation of 55 determinations is 
+0.00025 mg. In Table II results by the previously developed 
micromethod (1) are compared with results obtained by the ultra- 
micromethod. Comparative results are in excellent agreement. 
The average difference between twenty-five pairs, one micro and 


TABLE II 


Comparison of Calcium Values Determined on 2.0 Ce. of Serum with Those 
Determined on 0.1 Ce. of Serum 


The results are expressed in mg. per 100 ml. 


Micromethod Ultramicromethod 
9.2 9.5 
9.6 9.8 
9.9 10.) 

10.0 9.9 
10.0 10.2 
10.3 10.3 
10.4 10.4 
10.5 10.5 
10.8 10.8 
11.4 11.3 
12.0 12.3 


one ultramicro, was 0.2 per cent of the microvalue. The average 
agreement was +1.1 per cent of the microvalue. 


SUMMARY 


The calcium method reported previously (1) was modified to 
adapt it for the analysis of 0.1 ec. of serum (0.005 to 0.018 mg. of 
Ca), whereas in the original method 2 cc. of serum were required 
(0.10 to 0.36 mg. of Ca). To accomplish this change a specially 
designed microcentrifuge tube was introduced. The volume in 
which the calcium oxalate is precipitated as well as the washing 
fluid was decreased. Furthermore, a capillary microburette was 
employed in the final titration. This burette is calibrated to 
0.001 ce. and estimations of 0.0001 ec. may be made. 
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The chemical principle is the same as before (1). Calcium is 
precipitated as the oxalate in the especially designed microcen- 
trifuge tube. This is then converted to the carbonate at 475- 
525°. The carbonate is dissolved in a hot solution of 10 per cent 
boric acid. This solution is diluted and titrated to the pH of a 
pure boric acid solution with 0.01 N HCI. 

The results compare favorably with the previous method in 
which 20 times as much Ca were employed. 
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THE EFFECT OF DEFICIENCIES IN COPPER AND IRON 
ON THE CYTOCHROME OXIDASE OF RAT TISSUES* 


By M. O. SCHULTZE 
(From the Department of Chemistry, University of Pittsburgh, Pittsburgh) 


(Received for publication, June 14, 1939) 


Cohen and Elvehjem (1) reported 5 years ago that in nutritional 
anemia of rats the cytochrome A content of heart, liver, and brain 
was markedly decreased. Feeding of small amounts of copper 
to anemic animals restored the normal cytochrome spectrum, 
while feeding of iron was ineffective. ‘‘Indophenol oxidase”’ 
activity of the liver as measured with nadi reagent was affected 
in a similar manner. 

Recent work on cytochrome-catalyzed oxidations has shown 
that the formation of indophenol blue from nadi reagent depends 
on the presence of both cytochrome C and oxidase. WKeilin and 
Hartree (2) and particularly Stotz ef al. (8) have demonstrated 
that the oxidase of heart tissue is a cytochrome oxidase. Recog- 
nition of this fact has led to a more specific and quantitative 
method of oxidase determination (3), in which some of the multiple 
factors operative in older, less specific methods of oxidase estima- 
tion are eliminated. This was made possible through the isolation 
of cytochrome C, which can be prepared readily by the method 
of Keilin and Hartree (4). Elhott and Greig (5), during a study 
of the distribution of “‘succinic oxidase” in tissues, have used a 
similar method for the determination of the oxidase component 
of their enzyme system. ‘Their procedure is subject to interfer- 
ence, however, from hemoglobin (5) and cytochrome B (3). 

Other studies with iron- and copper-deficient rats presented the 
opportunity to repeat and extend Cohen and Elvehjem’s work on 


* This investigation was made possible by a research grant from the 
Buhl Foundation, Pittsburgh. 

Contribution No. 384 from the Department of Chemistry, University of 
Pittsburgh. 
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the cytochrome oxidase with the use of the more recent, quantita- 
tive methods. 


EXPERIMENTAL 


Rats were made anemic by the method of Elvehjem and Kem- 
merer (6), in cages of galvanized iron. ‘To insure a minimum 
copper intake in the basal diet, the whole milk was treated with 
H.S according to Summerson (7). All animals received 0.05 mg. 
of Mn per day. Purified iron (0.5 mg.) or copper (0.1 mg.) was 
fed daily from the time of weaning so that the resulting deficiency 
was uncomplicated. Frequent hemoglobin determinations were 
used as an index of the severity of the deficiency. For determina- 
tions of cytochrome oxidase activity, the animals were decapitated 
and the desired organs were removed, weighed, rinsed with re- 
distilled water, and homogenized in the apparatus of Potter and 
Elvehjem (8). Aliquots of the homogenized tissues were taken 
for moisture determinations. 


Determination of Cytochrome Oxidase 


The manometric method of Stotz et al. (8) was used. Cyto- 
chrome C was prepared from beef heart (4) and analyzed for iron 
by the method of Lintzel (9). Hydroquinone and semicarbazide 
hydrochloride were recrystallized before use. Into Warburg ves- 
sels were measured an excess of cytochrome C, 0.1 cc. containing 
5.6 micrograms of Fe (1 & 10~' Mm); 0.4 ce. of semicarbazide hydro- 
chloride neutralized to pH 7.2 (final concentration 0.02 m); 0.25 ce. 
of homogenized tissue; and M/15 phosphate buffer of pH 7.2 to 
give a total volume of 2.8 cc. after the addition of hydroquinone. 
Hydroquinone (5 & 107° m in 0.25 ec.) was added from the side 
arm after equilibration. The center cup contained 0.2 cc. of 20 
per cent potassium hydroxide. The vessels contained air in the 
gas space and were shaken at a rate of about 120 oscillations per 
minute in a water bath of 37.2°. The manometers were read at 
5 minute intervals during 30 minutes. The results were calculated 
from a constant rate of oxygen uptake over a 20 minute period 
and expressed as Q oxidase = (¢.mm. of oxygen absorbed) /(hour X 
mg. of dry tissue). Duplicate determinations were made in all 
eases. In addition one manometer without added cytochrome 
served as a control. The oxygen uptake in this manometer due to 
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autoxidation of hydroquinone, respiration of the tissue, and oxida- 
tion of hydroquinone by the tissue was subtracted from the 
results of the other manometers. The Q oxidase is therefore 
uncomplicated by these factors. 

The use of semicarbazide proved valuable in maintaining a 
constant rate of oxidation over a longer period of time, as shown 
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Fic. 1. Cytochrome oxidase activity of rat liver. Effect of semi- 
earbazide. 


in Fig. 1. Even in 0.02 mM concentration it did not affect the initial 
rate of oxygen uptake and hence did not inhibit oxidase activity. 

Table I illustrates that the cytochrome oxidase activity is pro- 
portional to the amount of tissue used within certain limits. The 
size of the sample should be such that the oxygen uptake will 
not exceed about 500 to 550 ¢.mm. per hour with the reagents used 
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here. With the tissues used in these experiments 0.25 cc. of a 
suspension containing 1 gm. of fresh tissue plus 20 cc. of water 
usually gave the desired oxygen consumption. 


TABLE I 


Oxidation of Cytochrome C by Different Amounts of Rat Liver (Cytochrome, 
11.2 Micrograms of Fe) 


Liver (dry) Oxygen uptake in 20 min. Q oxidase 
0.55 37.5 204 
1.10 73 199 
2.20 149.5 204 
4.40 237 162 

TABLE II 


Cytochrome Oxidase Activity of Liver and Ventricles 
All animals receive H.S-treated milk plus 0.05 mg. of Mn per day, and 
Fe and Cu as indicated below. 


(Cytochrome oxidase 


activity 
No. of Time 
Daily mineral supplement Hb 
weaning g oxidase | Q 
_ of liver ventricles 
| | was | 
None 5 8.43 0) 142 17 
0.5 mg. Fe only 4 5.15 2-3 60 95 
4 3.40 4 86 
05 Bb is 2.50; 5 6.92 6-8 IZ | i114 
then 0.1 mg. Cu for 5 days | | 
0.1 mg. Cu only 4 5.32 23 | 1038 | 31 
7 2.41 6-9 146 255 
0.05 “ ‘ + 0.5 mg. Fe 6-9 98 | 150 
6-9 | 197 


The average results of different comparable groups of rats are 
presented in Table II. At the time of weaning, liver and heart 
tissues (ventricles) of rats have a relatively high oxidase activity. 

When such animals were fed Fe + Mn as the sole mineral sup- 
plements, cytochrome oxidase activity of the tissues gradually 
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decreased, reaching very low levels during severe Cu deficiency. 
This was particularly true of the liver where the Q oxidase dropped 
to values as low as 10. When such severely copper-deficient rats 
were fed copper fora short period of time, the cytochrome oxidase 
activity of the tissues was rapidly restored to the normal range. 

When only copper and manganese were fed to young rats on 
a milk diet they developed an iron deficiency and also became 
severely anemic. The cytochrome oxidase activity of tissues of 
such rats, however, was not decreased. On the contrary in severe 
deficiency, it was even increased, especially in the ventricles. 
Decreased cytochrome oxidase activity therefore did not parallel 
hemoglobin concentration of the anemic animals. It is evident, 
however, that an adequate dietary supply of copper was necessary 
for the formation and maintenance of cytochrome oxidase activity 
in heart and liver tissues. 

Two groups of rats were fed iron and manganese and two differ- 
ent levels of copper. ‘They were maintained for the same period 
of time on about the same milk intake as those rats developing 
a severe mineral deficiency. Table II shows that above an unde- 
termined, minimum copper intake the eytochrome oxidase activity 
of the liver and ventricles was independent of the copper intake 
and hence independent of the Cu content of the tissues. These 
animals were therefore normal controls. 

When the weight of organs of animals is affected by disturbances 
of pathological or dietary nature, analyses of such organs should 
be correlated with these weight changes. Clinically (10) and 
experimentally! it has been observed that chronic and severe 
anemia leads to enlargement of the heart. The data in Table III 
substantiate these observations and show further that in copper 
deficiency, but not in iron deficiency, the weight of the liver is 
also markedly increased. 


DISCUSSION 


The results of this study show clearly that in copper deficiency 
of rats the cytochrome oxidase activity (Q oxidase) of liver and of 
the ventricles was progressively and greatly decreased. The 
feeding of small amounts of copper restored the activity rapidly. 
The work of Cohen and Elvehjem (1) was fully substantiated. 


! Unpublished observations of Dr. E. B. Hart and Dr. C. A. Elvehjem. 
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In iron deficiency the cytochrome oxidase activity of the same 
tissues was not decreased; it was even enhanced when the defi- 
ciency became severe. 

It is of interest to correlate these observations with changes in 
weight of the organs studied. Table IV presents the results in 
terms of “total cytochrome oxidase activity.’’ This term, fresh 
weight of the organ in mg. X Q oxidase, although arbitrary, is 
convenient for discussion. It presupposes a constancy of moisture 


TABLE II] 


Average Weights of Livers and Ventricles 


Liver Ventricles 


be 
> 
No. | 
Mineral supplement Hb 2 
£ = 8F 
gm. 
per 100 wks gm gm gm 
ce. 
None 8.43 0 33. 1.24 3.790.1660.504 
0.5 mg. Fe only 4 5.15 23 53 2.66 4.980.2760.517 
4 3.40 4 3.19. 5.460.380 0.655 
2.46 6-9 70 4.55 6.550.597 0.851 
0.5 “* * until Hb is 2.50: 5 6.92 6-8 65 | 2.71 4.96 0.365 0.685 


then 0.1 mg. Cu for 5 days 
0.1 mg. Cu only 


5.32 2-3 70 2.60 3.740.3150.451 


4 
5 3.45 4 | 85 | 2.62) 3.080.4970.584 
7 2.41 69 109 3.28 3.040.7750.726 
0.05 “ + 0.5 mg. Fe 8 6-9 120 3.24 2.700.366 0.305 
8 6-9 122 3.31 2.720.3680.299 


content of the organs of the rats used. As used here, the term 
indicates only relative values, since moisture determinations of 
the fresh tissues were not made. Its use is justified by the fact, 
however, that homogenized tissues prepared with a constant 
ratio of diluent to tissue always gave about the same dry weight. 

Cytochrome oxidase, like most constituents of animal tissues, 
presumably undergoes continuous destruction and is maintained 
normally by synthetic replacement. This view-point is supported 
by the great decrease in cytochrome oxidase activity of liver in 
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the late stages of severe copper deficiency. During the earlier 
stages in the liver, and throughout the deficiency in the ventricles, 
the “total cytochrome oxidase activity” is remarkably constant. 
Synthesis apparently can just balance destruction. This is in 
marked contrast to the process of hemoglobin synthesis which 
cannot keep pace with the destruction under the same conditions. 
In iron deficiency (when copper is supplied), however, formation 
of cytochrome oxidase exceeds its destruction. During the late, 
severe stages of the deficiency, synthesis of cytochrome oxidase is 
greatly accelerated, particularly in the ventricles. It is quite 


TABLE IV 


‘Total Cytochrome Oxidase Activity’’* 


Time Total cytochrome 

Daily mineral supplement oxidase activity 
Liver Ventricles 

None 5 8.43 176, 000 29 , 400 
0.5 mg. Fe only 4 5.15 | 2-3 | 160,000 26, 200 
4 3.40 4 160,000 32,700 


05 Hb is 2.50: then 5 6.92 6-8 333,000 41,600 
0.1 mg. Cu for 5 days | | 
32 2-3 | 264,000 31,900 


0.1 mg. Cu only 4 5 

| 5 | 3.45} 4 | 330,000 | 46,200 
0.05 “ + 0.5 mg. Fe | 8 6-9 | 318,000 55,000 


* Arbitrary term: fresh weight of the tissue in mg. X Q oxidase. 


likely that this represents a compensatory mechanism which 
enables the organs to utilize with maximum efficiency, the limited 
supply of oxygen that can be obtained from the anemic blood. 
Such compensations, including a larger percentage utilization of 
blood oxygen by anemic children, have been discussed recently 
and confirmed by Parsons and Wright (11). 

Unfortunately copper analyses could not be carried out on the 
tissues studied because all material was used for other purposes. 
It is well established however (12, 13) that copper deficiency leads 
to depletion of copper from the organs, particularly from the liver 
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of the rat. Feeding copper can lead to extensive accumulation 
of this element in the liver (12-15). The question therefore 
arises whether the cytochrome oxidase activity of tissues may be 
directly due to a copper compound, a possibility suggested by 
Keilin and Hartree (16, 17). Although the present data might 
support such a view, it must be remembered that severely anemic 
rats still do contain measurable quantities of both iron and copper, 
particularly the former. If cytochrome oxidase activity is due 
to iron catalysis (17, 18), copper may be necessary for the forma- 
tion of the catalyst analogous to the case of hemoglobin formation. 
Decision on this point may have to await isolation studies.  Fur- 
thermore, the cytochrome oxidase activity of tissues may be the 
composite effect of more than one catalytically active substance, 
a possibility that has been fully realized in using the term cyto- 
chrome oxidase in this paper. 


SUMMARY AND CONCLUSION 


1. Cytochrome oxidase activity of liver and heart tissue of 
copper- and iron-deficient rats was determined. 

2. In copper deficiency (when iron is fed) the cytochrome 
oxidase activity of liver and heart tissue per unit weight is greatly 
decreased. 

3. In iron deficiency (when copper is fed) the cytochrome oxi- 
dase activity is not decreased. In severe deficiency it is even 
increased. 

4. Copper is essential for formation and maintenance of cyto- 
chrome oxidase activity of liver and heart tissue of rats. | 


The courtesy of Dr. W. H. Summerson in communicating 
his method of preparation of H».S-treated milk is gratefully 
acknowledged. 
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SPECTROPHOTOMETRIC STUDIES 


VI. A STUDY OF THE ABSORPTION SPECTRA OF NON-HEMO- 
LYZED ERYTHROCYTES AND OF SCATTERING OF LIGHT 
BY SUSPENSIONS OF PARTICLES, WITH A NOTE UPON 
THE SPECTROPHOTOMETRIC DETERMINATION 
OF THE pH WITHIN THE ERYTHROCYTE * 


By DAVID L. DRABKIN ano RICHARD B. SINGER 


(From the Department of Physiological Chemistry, School of Medicine, 
lniversily of Pennsylvania, Philadelphia) 


(Received for publication, June 7, 1939) 


The extension of the use of the spectrophotometer to the meas- 
urement of light absorption by turbid suspensions is described in 
this paper. The findings of this investigation open the possi- 
bility of applying spectrophotometry to the study of biochemical 
substances in their natural cellular environments. If such applica- 
tion can be made, it will be an important advance in technique, 
since little information is available as to the chemical and physical 
states of materials within tissue cells. Our present knowledge is 
based largely upon deductions drawn from studies upon substances 
extracted into solution, often not without risk of probable chemi- 
cal and spectrophotometric changes. This is perhaps true of 
even so common a substance as hemoglobin in so relatively simple 
a cell as the erythrocyte. 

For the purposes of this investigation suspensions of unhemo- 
lyzed erythrocytes were chosen as a suitable pigment-containing 
turbid system, and suspensions of fat particles from milk or cream 
as a relatively non-pigmented turbid system. Data have been 
obtained on the light extinction value of these suspensions as a 
function of the number of particles per unit volume, NV, the depth 
of the suspension, d, and the absorption due to the pigment, 


* An abstract of this work was presented before the meeting of the 
American Society of Biological Chemists at Toronto, April, 1939 (Proc. 
Am. Soc. Biol. Chem., J. Biol. Chem., 128, p. xxi (1939)). 
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ep. For washed dog erythrovytes suspended in 0.9 per cent NaC] 
solution we have deduced an empirical equation by means of 
which the value of e€, for HbO:, and its derivatives in the erythro- 
cytes can be calculated from the total extinction, e;, and the vari- 
ables N and d. 


Theory 


In the usual spectrophotometric measurements upon clear solu- 
tions by means of instruments such as the Bausch and Lomb 
spectrophotometer, solvent and solution, contained in similar 
cuvettes, are matched against each other in two balanced optical 
paths of parallel light. Under such conditions it is assumed that 
the absorption of light due to solvent and cuvette is completely 
balanced out, and a value is obtained for the transmission of 
parallel light, 7’, through the layer of solute. The absorption of 
light may be represented by A (which is equal to 1 — 7’). 

In the case of turbid suspensions, however, the situation is 
quite different. The total incident flux (J = 1) may be con- 
sidered to be broken into components as follows: Part of the 
light, A, is absorbed as in the case of solutions. <A fraction of the 
light, 7, is transmitted through the layer of suspension so nearly 
parallel as to be measured in the spectrophotometer. Not meas- 
ured by the spectrophotometer, although not absorbed by the 
suspension, are two further fractions of light. One, 7», is trans- 
mitted by the suspension in forward directions but is scattered 
diffusely instead of emerging as parallel light. The other, /t, is 
scattered in backward directions or reflected by the particles in 
the suspension. The summation of these various component 
fluxes is, of course, equal to the incident flux, 7. For convenience, 
the two fluxes moving in forward directions, 7; and 7», may be 
represented together by the symbol 7”, and then 7” + Rk + A = IJ. 

The general problem of evaluating the three quantities, 7”, 
R, and A, in suspensions of particles is exceedingly complex both 
experimentally and theoretically. Its solution has come about 
mainly because of the desirability of finding the optimum scatter- 
ing consistent with maximum transmission in ‘‘opal’’ type glass 
used in electric light bulbs and ceiling fixtures. Ryde and 
Cooper (1) in 1931 developed a theory in which 7°/J, R/T, and 
A/I are calculated through auxiliary functions of number of par- 
ticles per unit volume, the mean diameter of the particles, the 
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indices of refraction of the particles and suspending medium, the 
absorption coefficient of the suspension, the wave-length of light 
used, the depth of the suspension, and the reflection coefficients 
of the suspension and glass surfaces. Waldram (2) has described 
an accurate experimental method of determining 7’/J, R/J, and 
1 — (A/J), by means of which Ryde and Cooper were able to 
verify their theory in the case of suspensions of Al,O3 particles 
in water and of polished plates of opal glass as closely as the deter- 
mination of the mean particle size permitted. 

We have been unable to treat the spectrophotometric data 
yielded by the turbid systems in which we were interested in 
terms of the Ryde and Cooper theory. Even had the specialized 
apparatus necessary to determine 7’//, R/I, A/I, and the reflec- 
tion coefficients been available, we still would have been unable to 
apply the theory. ‘The auxilary functions used in the calcula- 
tions are given by Ryde and Cooper only to values of particle 
diameter of about 2.5 u, and above this value the series employed 
to obtain the functions become unmanageable. The mean eryth- 
rocyte diameter, even when the cell becomes spherical, is about 
twice the above value. We have had to be content with an 
empirical treatment of the data, which none the less is significant 
for the problem at hand. Our primary interest was in deducing 
the absorption due to pigment alone, e,, from the value of the 
total absorption of the turbid system, e,, and not in the com- 
plicated scattering effect per se, whose contribution to the total 
absorption may be represented by e,. In the simplest terms, e€, 
is not equal to e, + e€,, but is equal to fi(V)-«, + e€., where N is 
the number of cells or particles per e.mm., the function f; is 
derived empirically, and e, is also a function of N. The notation 
employed has the following significance: (1) e, = —log 7), the 
only spectrophotometric value determined directly upon the turbid 
suspensions. (2) «, = —log 7, a value which may be determined 
directly upon hemolyzed aliquots, when one is dealing with eryth- 
rocyte suspensions. ¢, may also be calculated from the absorp- 
tion constants e(e = 1 mm per liter, d = 1 em.), established by 
Drabkin and Austin (3),' provided the concentration of total 


' The constants, «(c = 1 mm per liter, d = 1 cm.), employed in this work, 
were at the wave-lengths 630, 578, 562, 542, and 500 mu, and are respectively 
for HbOs:, 0.45, 15.13, 8.73, 14.62, and 5.44; for MHb, pH 7.48, 4.40, 4.95, 
4.90, 7.10, and 8.35; for MHbCN, 1.2, 6.8, 9.7, 11.52, and 7.2. 
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pigment is determined (upon hemolyzed aliquots converted into 
MHDbCN (3)). Both methods have been employed in the present 
work. (3) e, = fe(N), a function of the number of particles, N, 
derived by mathematical treatment of the data in the case of 
erythrocyte suspensions. In suspensions of fat particles ¢, may 
be measured directly. 

The empirical equations which have been developed from the 
data provide for the accurate deduction of e, from e,;.” 


Methods 


Spectrophotometry For details of the technique the reader is 
referred to earlier papers of Drabkin and Austin (3), and par- 
ticularly to the use of the special cuvette of 0.007 cm. depth (4) 
and the study of methemoglobin, involving change in absorption 
with change in pH, by Austin and Drabkin (5). The error in 
the determination of €, was of the order of twice that in the deter- 
mination of e,. The larger error was accounted for by such 
factors as settling of particles during reading and difficulty in 
thoroughly mixing the suspension before the cuvettes were filled. 
The readings were at a,limited number of selected wave-lengths, 
630, 578, 562, 542, and 500 mu. | 

Preparation of Suspensions— Suspensions of washed dog eryth- | 
rocytes in 0.9 per cent NaCl were employed. ‘The cells were 
obtained from defibrinated blood and washed thoroughly by 
several suspensions in isotonic saline followed by centrifugal sepa- 
ration. The original suspension, from which appropriate dilu- | 
tions were made by addition of saline, was a thorough mixture 
of cells brought to original blood volume by means of 0.9 per cent 
NaCl. Careful handling was necessary to reduce to a minimum — | 
the hemolysis of the relatively fragile dog erythrocytes. Hemoly- 
sis was of little moment, however, since appropriate correction | 
for this factor could be made on the basis of a simultaneous deter- ( 
mination of the number of erythrocytes and the value of e:. 

Particle Count—-The number of erythrocytes or particles per r 

r 


e.mm., V, was estimated in an ordinary counting chamber, dilu- 


2 The equations probably apply only to the type of spectrophotometer 


employed here (the Bausch and Lomb Ko6nig-Martens instrument) in which r 
7, bears the particular relationship to 7’ and J that it does. The principle Dp 
of the method, however, is applicable to other types of spectrophotometer e 


in which data for similar equations should be obtainable easily. 
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tion being made, when necessary, with the usual red blood cell or 
white blood cell diluting pipettes. The accuracy of the erythro- 
cyte count in clinical work is given as +7 per cent, but in our 
experience multiple counts on the same sample agreed within +2 
per cent, except for occasional aberrant values, in one instance 
probably caused by inadequate mixing, and in certain other 
samples due to a tendency to hemolysis on standing. Suspensions 
containing NO. or CN~ tons, as used in certain experiments, 
tended to undergo fairly rapid hemolysis. Such suspensions were 
not allowed to stand too long before being read in the spectropho- 
tometer, and the cell counts were determined simultaneously. It 
was found preferable to make counts on every suspension used, 
rather than to calculate N from the dilution and a count made in 
only one suspension. The fat particle counts were far more diffi- 
cult to make than the erythrocyte counts, and were subject to an 
error of +10 percent. The fat particles, being lighter than water, 
rose to the top of the counting chamber, so that in order to keep 
the ruled squares more or less in focus it was necessary to use a 
low magnification, making it very difficult to see the smaller 
particles. 

Mean Particle Diameter and Refractive Index ~ Routine measure- 
ments to establish mean particle diameter were carried out upon 
the suspended erythrocytes by means of a diffraction apparatus 
(6) and upon fat particles by means of photomicrography. These 
results will not be presented, since they were used merely to 
check the possibility of occurrence of important differences in 
mean particle diameter. Such differences were not found in the 
various suspensions in 0.9 per cent NaCl, but of course differences 
could be demonstrated between suspensions in 0.6 per cent NaC! 
in comparison with 0.9 per cent NaCl. In suspensions containing 
CN~ slight though perhaps insignificant differences were found. 
Our results upon mean particle diameter of cream and milk fat 
particles roughly verify those of Beckett (7). Refractive index 
measurements were also made routinely by means of an Abbe 
refractometer. ‘These measurements were not used in the de- 
velopment of our empirical equations, and merely confirmed the 
recognized relationship of protein content to refractive index, 
particularly of the hemoglobin (8) in solutions of hemolyzed 
erythrocytes. 
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Results 


Fat Particle Suspensions—Characteristic results obtained in 
spectrophotometric measurements upon cream fat particles sus- 
pended in water, with and without the addition of HbOs, are 
shown in Fig. 1. The more essential findings were the following. 


kel 
E.2 : 
630 578 562 542 500 


Fic. 1. Curves showing variation of extinction with wave-length in 
suspensions of fat particles from cream, with and without added HbOs. 
The determinations were in a 1 em. cuvette. Curve e,l represents the 
absorption spectrum of HbO:, 0.038 mm per liter in clear solution; Curve 
e,l, total extinction curve obtained from a mixture of HbO, (of the same 
concentration as in e,l), with cream fat particles; Curve e,1 (the solid 
circles) values in e,l subtracted from the values in e;], i.e. €, = €: — €); 
Curves e,1 to «4 (drawn as straight lines parallel to the abscissa) scattering 
extinction. The values indicated by solid circles were obtained by e, = 
€1 — €p, While the values shown by open circles represent e, obtained by 
direct measurement on cream particle suspensions without added HbQs». 
The values of N, number of particles per c.mm., were 8700 for Curve .e,2, 
17,300 for ¢,3, 34,700 for e,1, and 69,400 for e,4. 


Over the range 630 to 500 my, no appreciable change of e, with 
wave-length was observed. Theoretically, €, should increase at 
shorter wave-lengths. This was found to be the case with milk 
fat particle suspensions measured spectrophotometrically, and 
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with either type of suspension measured with a_ photoelectric 
filter photometer. In the latter instrument the light source was 
very close to the photocell and a significant percentage of the light 
scattered in forward directions, 7+, was measured.? It must be 
eoncluded that the lack of dependence of €, upon wave-length was 
due to the characteristics of the spectrophotometer. No explana- 
tion was found for the difference in results upon the two types of 
fat particle suspensions. 

In fat particle suspensions with added HbQs, total extinction, 
€;, Was, Within the error of the method, accounted for by a summa- 
tion of the extinction due to pigment alone, e,, and extinction due 
to scattering, e,. Under these conditions, = €: — 

The different levels of «, in Fig. 1 denote a dependence of e, 
upon the number of particles, NV. The relationship of e, and N 
in different fat particle suspensions is brought out more clearly 
in Fig. 2. The shape of the curves in Fig. 2 is at least partly 
attributable to the characteristics of the spectrophotometer. It 
is evident that the curves are similar in shape but not coincident. 
From the data available it was impossible to tell whether the lack 
of coincidence was due to differences in mean particle diameter or 
merely to the rather large error in the particle count upon such 
suspensions. 

Erythrocyte Suspensions—-In contrast to the situation with fat 
particle suspensions in which the value e, may be obtained by 
direct measurement, e, In erythrocyte suspensions may be derived 
only by appropriate mathematical treatment of other measured 
quantities. The relationship ¢, = e, — €,, established for fat 
particle suspensions with HbQO, added, did not hold in general for 
suspensions of erythrocytes, but the following expression was found 
applicable. 

(1) 


where e,, scattering extinction, and f;(N), the coefficient of ¢,, 
are both empirical functions of N. It is apparent from Table I 


’ While the spectrophotometer measured, under these conditions, only 
0.4 to 18 per cent of the light measured by the photoelectric photometer, 
even the latter fell short of the total 7; and 7, (see explanation under 
“Theory’’). Thus, none of the theoretical or experimental relations of 
Ryde and Cooper (9) or Lax, Pirani, and Schénborn (10) could be applied 
to the photoelectric measurements. 
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that fi(N) varied from approximately 0 to approximately 1 in 
the range of N covered. fi(N) = 1 for values of N greater than 
3.6 < 10° per c.mm. and therefore, under such conditions, Equa- 
tion 1 reduces to e, = €: — €». This is evident from the relative 
constancy with wave-length of the values given under e; — €, in 
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Fig. 2. Curves showing variation of scattering extinction, ¢«,, with 
number of particles per c.mm., NV. Curves | to 3 represent the data ob- 
tained upon different cream fat particle suspensions in a 1 em. cuvette. 
Curve 4 represents the data obtained upon a milk fat particle suspension 
at wave-length 540 mu. These data were obtained with a 1 em. cuvette, 
except the value denoted by a cross which was upon the same suspension, 
diluted 10-fold, in a 10 em. cuvette. In the latter case the value of N was 
multiplied by 10 before being plotted. 


Tables I to III for values of N above 3.6 & 10° per e.mm. and a 
progressively greater departure from constancy for lower values 
of N. 

As in the case of cream fat particle suspensions, €, was independ- 
ent of wave-length between 630 and 500 my. The variation of 
e, With N in both erythrocyte and fat particle suspensions is simi- 
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lar, as may be seen by a comparison of the curves in Figs. 2 and 3. 
e, is not only a function of N (e, = fo(N)), but also of the depth, d, 
of the suspension, the size (mean diameter) and shape of the 
particles, and of the indices of refraction of the particles and sus- 
pending media. In most of the suspensions studied by us, N and 
d were the only important variables, since the other factors re- 
mained relatively constant. 

In Table Il data are given upon erythrocyte suspensions in 
which both N and d were varied, in some cases N-d being kept 
constant. The results permitted the conclusion that in the rela- 
tionship of «, and N, N-d could be substituted for N. This 
relationship is analogous to that of e, to concentration, c, and 
depth, d, in the case of clear solutions. We have accordingly used 
N-d in all connections in which the value N was involved. 

Suspension of erythrocytes in 0.6 per cent NaCl solution re- 
sulted in an increase in their mean diameter and a decrease in their 
index of refraction. Theoretically increase in mean _ particle 
diameter should increase e,, whereas decrease in refractive index 
inside the erythrocytes should decrease e,. In the data given in 
Table II, it is evident that in our experiment the net result of the 
two factors was a decrease in e;.. This is brought out clearly in 
Fig. 3. Fig. 3 also shows lower values for e, upon erythrocytes 
suspended in serum (whole blood or dilutions thereof with serum) 
than for corresponding isotonic saline suspensions. Here, the 
higher index of refraction of the suspending medium was no doubt 
a factor in the results, although differences in the shape of the 
cells, disclosed under the microscope, were probably partly re- 
sponsible. Related to the shape of the cells in serum may have 
been the unexpected finding of relatively rapid settling of erythro- 
cytes in dilute serum suspensions in the 0.007 cm. cuvette. 

It was most important to test whether the empirical equation, 
derived from the data upon suspensions of erythrocytes containing 
HbOs, could be applied to suspensions of erythrocytes containing 
other pigments; for example, methemoglobin, MHb, and cyan- 
methemoglobin, MHbCN. If the equation applied only to 
HbO,.-containing erythrocytes, our treatment of the data would 
be difficult to appraise, and certainly deductions as to the absorp- 
tion spectrum of hemoglobin within the erythrocyte would be 
rendered more uncertain. In Tables III and IV, data are pre- 
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TABLE I 


Data on Washed Dog Erythrocytes Suspended in 0.9 Per Cent NaCl 
Solution 
Depth of cuvette, 0.007 cm. in all cases; pigment, HbO:; ep, calculated 
from total pigment concentration, c, depth, d, and absorption constants. 


Probable 


jh me perl, 
630 7.20 10.5 2.228 2.195 2.195 +0.013 1.00 
578 3.30 | 2.247 | 2.247 
562 2.871 | 2.228 | 2.228 
542 3.29 | 2.214 | 2.214 
500 2.686 2.286 2.286 
2.232 
630 3.60 5.25 1.971 1.955 1.957 +0.014 0.90 
578 2.478 1.922 1.978 
562 2.228 1.906 1.938 
542 2.427 | 1.889 | 1.942 | 
500 2.189 1.989 , 2.009 | 
1.960 
630 1.80 2.62 1.544 1.536 | 1.538 | 40.002 0.70 | 
578 1.738 | 1.460 | 1.543 | | 
562 1.661 1.500 1.548 
542 1.727 | 1.458 | 1.539 
500 1.610 1.510 1.540 
630 0.36 0.52 0.432 0.430 0.432 +0.006 0.00 | 
578 0.408 0.352 0.408 | 
562 0.405 0.373 0.405 
542 0.398 0.344 0.398 
500 0.392 , 0.372 | 0.392 | 
0.406 
630 6.85 11.2 2.208 2.173 2.173 | +0.048 = 1.00 
578 | 2.802 | 2.622 | 
562 2.96 | 2.276 | 2.276 | 
542 3.43 | 2.282 | 2.282 | 
500 2.653 | 2.227 | 2.227 | 
| 2.320 
630 |. 32m 1.715 1.703 | 1.705 | +0.009 0.81 
578 2.033 | 1.637 | 1.713 | 
562 1.887 | 1.659 | 1.702 | 
542 1.986 1.603 | 1.676 
500 1.822 1.680 1.707 | 
| 1.700 | 
630 0.76 1.24 0.695 0.691 0.694 +0.006 0.36 
578 0.761 0.629 0.713. | 
562 0.753 0.677 | 0.726 
542 0.770 0.642 0.724 
500 0.753 0.706 0.736. 
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TABLE I—Concluded 


calculation of the mean (bold-faced figures) and the deviations, the less 
reliable values at wave-lengths 630 and 500 mu were given one-half the 
weight of the others. ¢«, and f;(N-d) were determined simultaneously. 
The values for f;(N -d) chosen were those which gave the minimum probable 
error. 
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Fig. 3. Variation of scattering extinction, e,, with (N - d) for various 
erythrocyte suspensions (N being the number of erythrocytes per ¢.mm., 
and d the depth of the cuvette employed). Curve 1, data upon erythro- 
cytes suspended in 0.9 per cent NaCl solution or its equivalent, except the 
determination denoted by a cross which is upon an erythrocyte suspension 
in hypotonic, 0.6 per cent NaCl solution. ‘The solid circles represent deter- 
minations upon HbQO,-containing erythrocytes in the 0.007 em. cuvette. 
The open circles and the open triangle represent, respectively, determina- 
tions upon HbO,-containing erythrocytes in 1 cm. and 10 em. cuvettes. 
The open squares represent MHbCN-containing erythrocytes in the 0.007 
em. cuvette, while the solid triangle denotes a determination upon MHb- 
containing erythrocytes in the 0.007 em. cuvette. Curve 2, data upon 
oxygenated, defibrinated, whole blood; dilutions made with serum prepared 
from the same blood specimen. Determinations were in the 0.007 em. 
cuvette. Curve 3, the broken, compound curve, at most points virtually 
superimposed upon Curve 1, represents f2(N - d) = e,. The equations 
for f2(N - d) are log «, = b; + m,- log (N- d), below (N - d) = 14,500 
(the inflection point), and log e, = bz + mz log (N - d), above (N - d) = 
14,500, where 6; = —2.37, b2 = —0.61, m,; = 0.82, and m. = 0.255. 


*The probable error was calculated by 0.67457 =d?/(n — 1). In 
| 
} 


TABLE II 


Suspensions of Washed Dog Erythrocytes in 0.9 Per Cent NaCl 
Pigment, HbO,; cuvettes of different depths employed. 


m | mM per l. cm. 
630 | 3.02 10° | 4.30 0.007 | 1.847 1.833 | 1.836 +0.008 0.82 
578 2.208 1.752 1.834 
562 2.033 1.771 | 1.818 
542 2.170 1.728 1.808 
500 1.928 1.764 1.793 
1.819 
630 21,000 | 0.0301 1.00 1.847 1.833 1.837 +0.013 0.75 
578 2.208 1.752 1.866 
2.058 1.796 | 1.862 
542 2.152 | 1.710 | 1.821 
500 | 1.993 1.829 1.872 
| | | 1.861 
630 0.0030:10.0 1.942 1.928 | 1.932 +0.019 0.70 
578 © | 2.228 1.772 | 1.909 
562 2.090 1.828 | 1.907 
542 2.152 | 1.710 | 1.843 
500 2.010 1.846 | 1.895 
| | | 1.893 
630 4.00 10° 4.61 0.007 1.847 1.832 | 1.833 +0.007 0.93 
578 | 2.322 1.834 1.868 
562 2.134 1.853 | 1.873 
542 2.289 1.817. 1.850 | 
500 2.033 1.857. 1.869 
| 1.860 
630 8, 200 0.0322 1.00 0.936 0.921 0.923. +0.016 0.45 
| 84t 
1.415 0.927) 1.005 
562 1.233 0.952 0.997 
542 1.375 0.903 | 0.979 
500 1.194 1.018 1.046 
| | 60.991 
630 3.90 | 4.61 0.007 1.630 1.615 1.615 +0.013 1.00 
578 | | 2.189 1.701 1.701 
| 1.950 1.669 1.669 
542 2.152 1.680 1.680 
500 1.866 1.690 1.690 
| 1.676 


* See foot-note to Table I. : 

+ Corrected f;\(N-d) = ((per cent hemolysis/100) + (lo — (per cent 
hemolysis/100))-/:(N-d)). Per cent hemolysis was calculated from the 
discrepancy of the actual cell count from that predicted by the known dilu- 
tion factor. This correction assumed that e, for extracellular pigment 
was directly additive with «,, as was the case in fat particle suspensions 
with HbO, added. 

t This particular suspension was in 0.6 per cent NaCl. 
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TABLE II] 


Suspensions of Washed Dog Erythrocytes in 0.9 Per Cent NaC! Solution 
or in Lsotonic Solutions of NaCl + KNO,+ KCN 


Pigment, HbO: or MHbCN; depth of cuvette, d, 0.007 em. 


X 107-6 
per ¢.mm 


630 3.10 


we 
a * 
we 
wt 


ho 


2.00 


6 


6. 


22 


.22 | 


Pigment 


MHbCN 


HbO, 


MHbCN 


MHbCN 


MHbCN 


* See foot-note to Table T. 
t Corrected for hemolysis (see foot-note to Table II ). 


x 
bo 


bo 
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tp 


w 


Es 


to 


Probable 
error* 


+0. 007 


+0.004 


+0.014 


+0.003 


+0 .004 


+0.004 


in all cases. 


SitN d) 


0.98 
OST 


0.92t 


0.81 
0.83t 


0.73t 


mM 
5758 2.134 1.733 
562 |. | 1.726 
542 2.099 1.71] 
500 1.900 1.757 
630 29) 3.78 1.785 | 1.753 
578 | 1.734 1.738 
562 | 1.745 | 1.750 
542 |.745 | 1.75) 
5OO 1.751 | 1.754 
1.748 
578 090 2 090 
562 O77 | 2.077 | 
044 2.044 
5OO O87 2.087 
2.066 7 
630 3.90 1.846 1.794 | 1.798 | 
578 2. 090 1. 704 
562 2.200 1.778 
542 2.4240 | 1.770 
500 2.116 1.803 
630 | 2.25 3.11 | 1.423 1.397 
578 1.396 1.421 : 
062 1 380 1.416 
542 1.370 1.412 
5O0 1. 397 1.423 
1.415 
630 0.37 | 1.56 Po 0.339 0.326 0.330 Emm O 10 ba 
578 0.395 0.321 0.341 
562 0.425 0.319 0.348 BY 
542 0.442 0.317 0.351 
500 0.392 0.314 0.335 4 
0.343 
| | 
| | 
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sented upon suspensions of erythrocytes in which the HbO, has 
been converted to MHb or MHbCN. For the production of 
MHb, a 0.154 m solution of KNO, was employed, and further 
conversion of MHb to MHbCN was accomplished by the use of a 
neutralized 0.154 M solution of KCN. The solutions were added 
to the erythrocyte suspensions to a final concentration of NO.” and 
CN~ of about 0.025 equivalent per liter, a concentration somewhat 
greater than the iron equivalent of the pigment within the erythro- 
cytes. Sufficient time, 15 to 30 minutes, was allowed for the 
action of the NOs”, before a reading was made or before addition of 


TABLE IV 
Determination of Spectrum of Intracellular MHb (e(e = 1 mM per Liter, 
d = 1 Cm.)) Produced by Suspending Erythrocytes in Isotonic Solution 
of NaCl + 
Depth of cuvette, d, 0.007 em. From these data the pH within the red 
blood cells is obtained. 


m mM per 
630 2.90 3.48 1.809 ). 066 2.49 1.750 0.89 
578 1.834 0.094 3.55 
562 1. 860 0.124 4.69 
542 1.914 Q.185 6.99 
500 1.971 0.249 © 9.40 


KCN. Owing to a tendency to hemolysis, preferably not more 
than 10 minutes should elapse before the reading after the addi- 
tion of KCN.‘ 


*KNO,» was employed for the oxidation of the hemoglobin, since it 
penetrates the erythrocyte membrane quite readily, whereas K;Fe(CN)¢ 
apparently does not diffuse across the membrane. The NO,” and CN7 
solutions were made up to 0.154 Mo per liter so as to be isotonic with 0.9 per 
cent NaCl and to avoid excessive dilution of the suspension when the re- 
quired amounts of NO.” and CN~ were added. The amount of hemolysis 
was minimized by adding the solutions to the erythrocyte suspensions 
slowly and with continuous stirring. As seen in Table III and Fig. 3 low 
«, values were obtained for some of the suspensions containing MHbCN. 
The deviations are similar to those obtained for hypotonic suspensions con- 
taining HbO,, and are probably accounted for by the same factors. 
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Note upon the Spectrophotometric Determination of the pH 
within the Erythrocytes 


In the suspension of erythrocytes containing MHb (Table IV), 
the procedure in handling the observed data was somewhat differ- 
ent than for the other suspensions, since the absorption spectrum 
of MHb varies with pH (5). The e, was taken from Fig. 3 for the 
number of erythrocytes, N, in this particular suspension, and the 
values of «, were calculated from e, — e, and fi(N). The e, 
values were converted to the constants e(¢ = 1 mM per liter, d = 
1 em.), and the summation of the differences between these con- 
stants and those for HbO, at four corresponding wave-lengths 
(630, 578, 562, and 542 mu) was obtained. This value, 25.29, 
was used to derive the pH within the erythrocytes by substituting 
it in an appropriate equation, based upon the data of Austin and 
Drabkin (5). The pH thus determined was 7.53,° and the spec- 
trum was essentially similar to that of MHb at this pH in clear 
solutions. In a corresponding hemolyzed solution of MHb, the 
pH determined spectrophotometrically agreed, within 0.02, with 
the pH of 7.62 determined by the glass electrode. We believe 
that this unique method for determination of the pH within the 
erythrocytes by utilizing the indicator property of the oxidized 
form of their main constituent may prove to be a most direct and 
accurate one. Further studies along this line are planned. 


M Hb(alkaline) 

«618+ 
P MHb(acid) (a) 
MHb(alkaline) 2A acid 24 pH unknown (b) 

MHb(total) acid ~ alkaline 

MHb (alkaline) 28.94 25.29 365 

MHb (total) 28.94 — 11.14 17.80 

MHb (alkaline) 0.205 

d 
MHb (acid) 0.795 (d) 
pH = 8.12 + log 0.258 = 7.53 (e) 


This value does not represent the pH of the red blood corpuscles in the 
body, since no attempt was made to keep the CO, tension normal. 
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Empirical Analysis of Data—-As has been stated, the data upon 
€:, €p, and N-d can be expressed by a simple empirical equation 
already given (Equation 1). This equation may be written in 
the form 

= €, fil(N - d) (2) 


in which e, = fo(N-d). For washed dog erythrocytes suspended 
in 0.9 per cent NaCl, the curves in Figs. 3 and 4 represent respec- 


1.0 
0.8K 
a-(N-d)” 
¥ f(Nd) = 
l+a-(N-d) 
0 
0 20 30 aM 40 50 60 
(Ned) x 10 


Fic. 4. Curve showing variation of f;(N - d) with (N.- d). The curve 
was drawn from the empirical equation -d)=a- (N-d)"/(1+ 
a-(N-d)"), where a = 1.35 X 10°" and n = 2.5. This equation applies 
only to washed dog erythrocytes suspended in 0.9 per cent NaCl solution. 
The significance of the solid circles, open circle, and open squares is the 
same as in Fig. 3. 


tively the relationship of fo(N-d) and fi(N-d) to the product 
N-d. Mathematical expressions which fit these curves very 
closely are 

a-(N-d)" 


1 +a-(N-d)"” (3)* 


-d) 


14,500 (4) 
14,500 (5) 


and log f2(N - d) = b, + m, - log (N - d), below N- d 
log fo(N - d) = be + log (N+ d), above N-d 


in which n, a, b;, be, m,, and me are constants, and n = 2.5, a = 
1.35 X 107", b} = —2.37, m, = 0.82, bo = —0.61, me = 0.255. 


6 The remarkable similarity of this equation and constant n to Hill’s 
equation (11) for the dissociation of HbO; is merely a coincidence. 


f 
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It is easier to split the f.(N-d) into two equations in this manner 
because the shape of the whole curve makes it very difficult to 


find a single accurately fitting equation without resorting to an 


Le 
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in MAL 


Kia. 5. Comparison of absorption spectra of hemoglobin derivatives de- 
duced from extinction data upon saline suspensions of erythrocytes with 
the absorption spectra of corresponding hemoglobin derivatives in clear 
solutions of hemolyzed, washed, blood cells. The solid curves give data 
(upon erythrocyte suspensions) obtained by means of the equation «, = 
(e, — €,)/fi(N + d), in which e, is the extinction due to the pigment alone, 
e, is the total extinction obtained by direct measurement of the transmis- 
sion, and e. (scattering extinction) and f,;(N - d) are taken respectively from 
Figs. 3 and 4. The corresponding broken curves give values for e,, based 
upon the absorption constants, which have been established for the pig- 
ments in clear solution. Curves 1, MHbCN, 3.78 mm per liter in the 0.007 
em. cuvette; Curves 2, HbO:, 0.0301 m™M per liter in the 1 cm. cuvette; 
Curves 3, HbO:, 6.22 mM per liter in the 0.007 em. cuvette; Curves 4, HbOz, 
10.5 mM per liter in the 0.007 cm. cuvette. 


inordinate number of constants. The constants for the equation 
for fi(N-d) were obtained by rearranging the equation so that it 
could be expressed in the form 


fi(N-d) 
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When values of f;(NV-d), found by trial and error from the e, 
and e, data, and \V.d were substituted in Equation 6 and the points 
plotted logarithmically, it was found that they fell very close to a 
straight line of which n is the slope and log a the y intercept. The 
equation for e, or feo(N-d) was obtained by plotting the points 
logarithmically and drawing two straight lines through the upper 
and lower segments of the locus of these points. 

Once in possession of these equations or curves we could re- 
arrange the fundamental Equation 2, and solve for e,. 


fi(N-d) 

A comparison is made in Fig. 5 of values calculated by means of 

Kquation 7 and values based upon the absorption constants in 

clear solutions. The two sets agree very well, considering that 

the effect of variation of mean erythrocyte diameter is not taken 

into account. It should be borne in mind that as N.d decreases 

e, becomes small compared to e;, and errors in the readings or other 

variations are relatively large. The best results are obtained 
when N-d is about 50,000. 


SUMMARY 


1. A method has been described by means of which a spectro- 
photometer may be used in the study of suspensions of particles 
in liquids. ‘Turbid suspensions containing pigments may also be 
studied. Owing to the structural characteristics of the spectro- 
photometer used, the method could not be related directly to 
the complex theory of scattering, but the usefulness and accuracy 
of the empirical results were not thereby impaired. 

2. This method has been utilized to study suspensions of fat 
particles with or without added HbQOs, and suspensions of dog 
erythrocytes in saline, serum, or in solutions by which the intra- 
cellular HbO. was converted to MHb or MHbCN. 

3. In suspensions of fat particles without added HbO, the 
spectrophotometric extinction due to scattering, ¢€,, was de- 
termined in relation to the wave-length of light used and number 
of particles per c.mm., N. ¢€, was independent of wave-length 
between 630 and 500 my in fat particles from cream, but 
varied with wave-length in fat particles from milk. When 
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HbO, was added, the total extinction, €,, was equal to the sum of 
the scattering extinction, e,, and the extinction due to pigment, e€,. 

4. In suspensions of erythrocytes it was found that the total 
extinction e, could best be expressed by the equation, e, = €, + 
en: Ji(N-d), d being the depth of the suspension and e, also a 
function of N-d. ¢, was independent of wave-length between 
630 and 500 my. Empirical curves and equations for e, and 
fi(N-d) were determined for suspensions of washed dog erythro- 
cytes in 0.9 per cent NaCl solution. 

5. For the first time values of the pigment extinction, €,, inside 
the erythrocytes, could be derived, from measurements of e, and 
N.d. The first direct evidence on this important problem re- 
vealed no significant deviation in the absorption spectra of intra- 
cellular HbO., MHb, or MHbCN from the spectra of these pig- 
ments in clear solution. 

6. The indicator property of MHb was utilized in the spectro- 
photometric determination of the pH within the erythrocyte. 
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THE BEHAVIOR OF DEHYDROISOANDROSTERONE 
AND ANDROSTERONE IN THE m-DINITRO- 
BENZENE REACTION 


By G. O. LANGSTROTH anv N. B. TALBOT 


(From the George Eastman Laboratories of Physics, Massachusetts Institute 
of Technology, and from the Biological Laboratories, Harvard University, 
Cambridge, and the Department of Pediatrics, Harvard Medical 
School, Boston) 


(Reeeived for publication, June 9, 1939) 


The data presented in this paper extend work previously re- 
ported (1) on the behavior of synthetic androgens in the m-dinitro- 
benzene reaction. The investigations have been undertaken in 
the attempt to provide a basis for the development of assay meth- 
ods which will permit a detailed quantitative determination of the 
amounts of various androgens in extracts of biological material. 
The present data, obtained in a comparative study of the absorp- 
tion spectra of the compounds formed by dehydroisoandrosterone 
and androsterone, have an additional interest in view of the numer- 
ous recent applications of the reaction to the specific problem of 
the colorimetric assay of urinary extracts. 

There is some disagreement in the literature concerning the 
comparative behavior of dehydroisoandrosterone and androsterone 
in the m-dinitrobenzene reaction. Neustadt (2) states that the 
two hormones give practically identical color reactions, while 
Fredgood and Whidden (3) have reported that, weight for weight, 
the former gives rise to a greater extinction in the 5200 A. region. 
Callow, Callow, and Emmens (4), on the other hand, have pub- 
lished data which suggest that dehydroisoandrosterone gives rise 
to slightly less extinction. These results were obtained with the 
aid of filters, and the various investigators used different modifi- 
cations of the reaction conditions. Aside from a rough curve 
published by the last named authors, there appear to be no data 
in the literature on the absorption spectrum of dehydroisoandros- 
terone reaction mixtures. Since an interpretation of the colori- 
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metric or spectrochemical assay value for an extract containing 
these hormones in comparable amounts (e.g. normal male urines 
(5-7)) must involve some consideration of the extinction produced 
by each, it appeared desirable to obtain more definite information 
eoncerning their comparative behavior in the reaction. 

In the present investigation extinction-wave-length curves 
were studied over the range 3100 to 6500 A. under reaction con- 
ditions simular to those previously employed (1). The curve 
shapes and the absolute values of the extinction were found to be 
identical for the two hormones within the limit of experimental 
error. Moreover, marked changes in the reaction conditions 
affected the curves for the two hormones in the same way. With- 
out exception the data indicate that dehydroisoandrosterone and 
androsterone behave identically in the reaction, and that it is 
impossible to distinguish between them without the aid of addi- 
tional procedures. This finding is not surprising in view of the 
structural similarity of the two hormones in the neighborhood of 
the chromogenic group. 

Qn the basis of these data, the assay value obtained from exam- 
ination of the extinction of a reaction mixture containing both 
hormones represents the total content of dehydroisoandrosterone 
and androsterone. The procedure previously described (1) may 
therefore be applied without modification in the analysis of syn- 
thetic mixtures for dehydroisoandrosterone plus androsterone, and 
testosterone. A convenient procedure for the separate deter- 
mination of androsterone and dehydroisoandrosterone is being 
developed by Mr. A. Fineman in this laboratory (Massachusetts 
Institute of Technology), and will be described in a later pub- 
heation. 


EXPERIMENTAL 


The m-dinitrobenzene reaction conditions, the standardization 
of reagents, and the method of determining the extinction-wave- 
length curves were identical with those previously described (1). 
Samples of crystalline dehydroisoandrosterone and androsterone 
were obtained through the kindness of Dr. Erwin Schwenck of the 
Schering Corporation. They were made up in known solutions 


with absolute alcohol, without further purification. 
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Results 


The extinction, A, for any particular wave-length is defined by 
the equation Al = log(?’/7), where 7’ and 7 represent respectively 
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Fic. 1. Shape of the extinction-wave-length curves for reaction mixtures 
containing various amounts of dehydroisoandrosterone, and comparison 
with that for mixtures containing androsterone. The reaction mixtures 
were made up with an 11.6 mg. per ec. stock dinitrobenzene solution, and 
were developed for 80 minutes at 25.1°. The solid line represents the curve 
shape for androsterone reaction mixtures (cf. (1)). The plotted points 
represent observations on the curve shape for reaction mixtures containing 
various amounts of dehydroisoandrosterone, as follows: @ 0.10 mg., 
+ 0.20 mg., O 0.40 mg., and @ 0.50 mg. 


the intensities of the light transmitted through a thickness, J, of 
the blank and test reaction mixtures. The A-\ curves therefore 
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correspond to the absorption spectra of the compounds associated 
with the presence of the hormones. All A values have been 
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Fic, 2. Comparison of the shape of the extinction-wave-length curves 
for corresponding dehydroisoandrosterone and androsterone reaction 
mixtures (a) with decreased time of development, and (6) with decreased 
m-dinitrobenzene addition. (a) The reaction mixtures were made up with 
an 11.6 mg. per ce. stock dinitrobenzene solution, and were developed for 
20 minutes at 25.1°. O and @ denote observations made on reaction mix- 
tures containing respectively 0.20 mg. of dehydroisoandrosterone and 0.20 
mg. of androsterone. (6b) The reaction mixtures were made up with a 2.0 
mg. per cc. stock dinitrobenzene solution, and were developed for 73 min- 
utes at 25.1°. A and & denote observations made on reaction mixtures 
containing respectively 0.20 mg. of dehydroisoandrosterone and 0.20 mg. 


of androsterone. 


reduced to the basis of a 4.0 ec. dilution after development by an 
application of Beer’s law (cf. (1)). The error in the spectroscopic 
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determination of the A values was less than 0.03 for values be- 
tween 0.0 and 1.0, less than 0.06 for values between 1.0 and 2.0, 
and less than 0.09 for values greater than 2.0. In the following, 
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Fic. 3. Shape of the extinction-wave-length curves for reaction mix- 
tures containing both dehydroisoandrosterone and androsterone, and 
comparison with that for mixtures containing only one of the hormones. 
The reaction mixtures were made up with an 11.6 mg. per ec. stock dinitro- 
benzene solution, and were developed for 80 minutes at 25.1°. The dashed 
line represents the curve shape for mixtures containing only one of the 
hormones. The plotted points represent observations on mixtures con- 
taining both hormones, as follows: O 0.30 mg. of dehydroisoandrosterone 
plus 0.10 mg. of androsterone, and @ 0.10 mg. of dehydroisoandrosterone 
plus 0.30 mg. of androsterone. 


the designation standard reaction conditions means that the 
reaction mixtures were made up with an 11.6 mg. per cc. stock 
dinitrobenzene solution (0.2 ec.), and were developed for 80 
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minutes at 25.1°; these conditions were found to be suitable for 
simple assay work. 
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Fic. 4. Comparison of the shape of the extinction-wave-length curves 
for reaction mixtures containing dehydroisoandrosterone plus testosterone, 
with those for mixtures containing androsterone plus testosterone. The 
reaction mixtures were made up with an 11.6 mg. per ec. stock dinitro- 
benzene solution and were developed for 80 minutes at 25.1°. O and @ 
represent observations on reaction mixtures containing respectively 0.30 
mg. of dehydroisoandrosterone plus 0.30 mg. of testosterone, and 0.30 mg. 
of androsterone plus 0.30 mg. of testosterone. As previously described (1) 
the curve shape does not correspond to that obtained by superimposing the 
curves for equivalent amounts of androsterone and testosterone developed 
separately. 


The typical data on the shape of the extinction curves given 
in Figs. 1 to 4, and on the absolute value of the extinction at 5200 A. 
given in Table I, are sufficient to fix the absolute extinction- 
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wave-length curves. This mode of presentation has been adopted 
since it serves to show most clearly the closely identical behavior 


TABLE | 


Absolute Extinction Values at 5200 A. for Dehydroisoandrosterone Reaction 
Miztures, and Comparison with Those for Corresponding 
Androsterone Mixtures* 


Composition of sample 


Reaction conditions Dehydro- pe ee Tikes. (5200 A.) Fig. No. 
isoandro- sterone sterone 
sterone 
mg. mg. md. 
Standard 0.10 0.95 1 
0.10 0.95 
0.20 1.86 
0.20 1.90 
0.40 3.0 
0.40 3.4 
0.50 4.2 
0.50 4.1 
20 min. development 0.20 ‘7 2 
().20 
2.0 mg. per cc. stock dinitro- = 0.20 0.93 2 
benzene solution 0.20 0.93 
Standard 0.30 0.10 3.6 3 
0.10 0.30 3.3 
0.30 0.30 4 


0.30 0.30 2.9 


* Owing to errors in making up the stock hormone solutions used in the 
work on which the previous article (1) was based, the unit of hormone con- 
tent expressed as mg. in that article differs somewhat from actual mg.; 
this circumstance has no other effect on the results and hence, for the 
purpose of that investigation, has no importance. 


of dehydroisoandrosterone and androsterone in the m-dinitro- 
benzene reaction. 

The following observations concerning the results may be made. 
(a) Under standard reaction conditions, the shape of the extinc- 
tion-wave-length curves is independent of the amount of de- 
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hydroiosandrosterone present; this characteristic has also been 
found with androsterone reaction mixtures (1). The curve shape 
throughout the wave-length range studied is identical with that 
for androsterone reaction mixtures, as are the absolute values of 
the extinction for equal amounts of the two hormones (Fig. 1 
and Table I). (6) A decrease in development time (from 80 to 
20 minutes) results in an identical decrease in the absolute extinc- 
tion values for both hormones; if there is any modification in the 
shape of the extinction-wave-length curves, it is the same for 
both hormones (Fig. 2 and Table I). (c) A decrease in the 
amount of dinitrobenzene added (from 2.3 to 0.4 mg.) results in an 
identical decrease in the absolute extinction values for both hor- 
mones; any modification of curve shape which may occur is the 
same for both hormones (Fig. 2 and Table 1). (d) Reaction mix- 
tures containing both hormones have the same curve shape and the 
same absolute extinction values as those containing an equivalent 
amount of either of the hormones alone. This feature is espe- 
cially noteworthy, since it is known (1, 4) that the androsterone 
calibration curve is not linear; 7.e., that the “efficiency”’ of the 
reaction in producing the androsterone compound decreases with 
increasing androsterone content. The extinction-wave-length 
curve for a reaction mixture containing androsterone does not 
correspond exactly, therefore, with that obtained by superimpos- 
ing the curves for two reaction mixtures each containing, say, 
half the amount of androsterone. In spite of this characteristic, 
the addition of dehydroisoandrosterone to a mixture containing 
androsterone is just equivalent to adding a similar amount of 
androsterone (Fig. 3 and Table I). (e) It has been shown that 
the presence of testosterone appreciably influences the formation 
of the androsterone compound in the reaction (1). The data of 
this article show that it has the same effect on the formation of the 
dehydroisoandrosterone compound (Fig. 4 and Table I). 


DISCUSSION 


The data indicate that dehydroisoandrosterone and andro- 
sterone behave identically in the m-dinitrobenzene reaction, and 
that marked variations in the reaction conditions affect the extine- 
tion-wave-length curves for both hormones in the same way. 
This is not surprising, since the two hormones have identical 
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structures in the neighborhood of the chromogenic group. <A 
single set of data obtained by Callow et al. (4) under similar 
reaction conditions, suggested a slightly lower (7 per cent) ex- 
tinction in the 5200 A. region for the dehydroisoandrosterone 
reaction mixtures; this difference could well be due to experi- 
mental error and in view of the results of the present investigation 
eannot be regarded as significant. Neustadt (2) states, without 
giving supporting evidence, that the two hormones give practically 
identical color reactions in the procedure used by him; this agrees 
with the present findings, since it appears likely that use of aqueous 
alcohol and somewhat modified reaction conditions will affect the 
behavior of both hormones in the same way. On the other hand, 
Friedgood and Whidden (3) state, also without giving supporting 
data, that dehydroisoandrosterone reaction mixtures have a 
greater extinction in the 5200 A. region than do the corresponding 
androsterone mixtures; it 1s difficult to reconcile this statement 
with the results of the present investigation. 

On the basis of the present evidence, the assay value obtained 
from examination of the extinction of mixtures containing both 
dehydroisoandrosterone and androsterone, represents the total 
content of both hormones. Analysis of synthetic mixtures for 
dehydroisoandrosterone plus androsterone, and testosterone, may 
therefore be made by the procedure already described (1), when 
all three hormones are present. ‘This fact furnishes the basis for 
a convenient method of determining androsterone and dehydroiso- 
androsterone separately. The procedure, now being developed 
by Mr. A. Fineman in this laboratory, involves (a) a determina- 
tion of the total content of both hormones in the original sample, 
(b) precipitation of dehydroisoandrosterone with digitonin, and 
(c) a determination of the androsterone left in the supernatant. 
The details of this procedure will be published later. 


We are indebted to Mr. H. J. Rugo for valuable assistance in 
the experimental work. The investigation has been carried out 
under a grant from the Rockefeller Foundation to Professor 
G. R. Harrison for the application of spectrophotometry to medical 
problems; part of the chemical equipment and supplies was ob- 
tained with the aid of funds from the Rockefeller Foundation 
administered by Professor F. L. Hisaw. 
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SUMMARY 


A comparative study has been made of the absorption spectra 
of the compounds formed by synthetic dehydroisoandrosterone 
and androsterone in the m-dinitrobenzene reaction. The wave- 
length range investigated extended from 3100 to 6500 A. The 
results furnish strong evidence that the two hormones behave 
identically in the reaction. This fact has some interest with 
respect to commonly used colorimetric assay methods, since 
interpretation of the assay value obtained for samples containing 
both hormones must involve some consideration of the extinction 
due to each. Furthermore, it provides the basis for a convenient 
method, now being developed, of determining dehydroisoandro- 
sterone and androsterone separately. 
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STUDIES ON KETOSIS 


XVI. THE METABOLISM OF a, 8- AND 38, y-DEUTEROBUTYRIC 
ACIDS IN THE FASTING RAT* 


By MARGARET MOREHOUSE 


(From the Department of Biochemistry, University of Southern California 
School of Medicine, Los Angeles) 


(Received for publication, May 29, 1939) 


Although 6 oxidation obviously explains the formation of the 
acetone bodies after the administration of butyric, crotonic, or 
8-hydroxybutyric acids (1), the intermediate steps in the oxidation 
of the higher fatty acids having an even number of carbon atoms 
is not so clear. The greater ketonuria which originates after the 
administration of caprylic acid over that found with caproic or 
butyric acid has been explained by multiple alternate oxidation, 
whereby 2 molecules capable of yielding acetone body fragments 
are produced (2). However, since the evidence for this hypothesis 
is largely inferential, it is important to obtain more direct informa- 
tion as to what portions of such fatty acid molecules are ketogenic. 

We have attempted to determine whether the incorporation of 
dueterium into the molecule might offer a method for the solution 
to this problem. In this preliminary study the excretion of 
deutero-8-hydroxybutyric acid has been followed after the ad- 
ministration of a, B- and 8, y-deuterobutyric acids to fasting rats. 


EXPERIMENTAL 


The sodium salts of the two deuterobutyric acids were fed to 
fasting rats by stomach tube and the deuterium content of the 


* Some of the data reported here are from a thesis submitted to the 
Graduate School of the University of Southern California in partial ful- 
filment of the requirements for the degree of Doctor of Philosophy. This 
work was aided by a grant from the Rockefeller Foundation. 

A preliminary report of these data has been presented (Proc. Soc. Exp. 
Biol. and Med., in press). : 
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8-hydroxybutyric acid resulting therefrom was determined. In 
Series I of the tests the deutero acids were fed to rats having an 
endogenous ketonuria as a result of having previously received a 
high fat, low protein diet, as described by Deuel, Hallman, and 
Murray (3). Under such conditions a much larger proportion 
of the ingested ketogenic acids appears in the urine as acetone 
bodies than when they are fed to rats which have previously re- 
ceived the stock diet in which the level of endogenous ketonuria 
is negligible. Therefore, only 50 mg. of the acids (calculated as 
acetone) were given per 100 sq. cm. in two divided doses daily. 
In Series If, deuterobutyric acid was fed to fasting rats which 
had previously received the stock diet; under these conditions it 
was given in the dose usually employed in our laboratory, 7.c., 
150 mg. per 100 sq. em. in two equally divided doses. In the latter 
tests, the interpretation of the proportion of deutero-8-hydroxy- 
butyric acid excreted was not complicated by the presence of 
endogenous $-hydroxybutyric acid. 

In order to obtain sufficient amounts of the 8-hydroxybutyric 
acid from the urine for combustion analysis, the urines from two 
rats were combined for each experiment. In the control rats of 
Series I which were fed no butyric acid but were given an amount 
of heavy water containing deuterium equivalent to that admin- 
istered in the ketogenic acids, the deuterium analysis was carried 
out on three composite samples representing the urine from six 
rats in each. Also in Series I, the amount of 8-hydroxybutyric 
acid originating from the deuterobutyric acids fed was calculated 
by difference between the level of ketonuria of these animals and 
of the control rats which received only sodium chloride solution 
and heavy water. 

The B-hydroxybutyric acid was determined on an aliquot of 
the urine by the Van Slyke procedure. In Series I the hydroxy 
acid was separated from the remaining urine by the ethyl acetate 
extraction procedure of Ohlsson (4), from which it was recovered 
as the sodium salt by treatment with NaeCOs; solution. After 
decolorization with norit, the resulting solution was evaporated 
to dryness, extracted from the residue with absolute alcohol, and 
recovered after evaporation of the ethanol. Small amounts of 
inorganic contaminants were present, but these did not interfere 
with the subsequent combustion analysis for deuterium. 
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Later the extraction procedure was modified by using normal 
butyl alcohol as the solvent, because this has a more satisfactory 
distribution coefficient with water. Moreover, a contamination 
of sodium acetate originating by decomposition of ethyl acetate 
is avoided. Instead of using the sodium salt for analysis, we 


‘TABLE | 


Excretion of Deutero-38-Hydroxybutyric Acid in Urine of Fasting Male Rats, 
Previously on High Fat Diet, after Receiving a,8- or B.y- 
Deuterobutyric Acid or Only Sodium Chloride 


Per cent deutero- 


Acetonuria, mg. per : 
hydroxybutyric 


100 sq.cm. 

4 acid excreted 
2 = 
‘ 
3 = 
© = os os 


gm. sq.cm, 


Series I 
Fasting controls + 230 337 4.6 4.8 6.2 5.2 


NaCl and 1.78% D:O (2)* (3)* (3)* (8) 
a, 3-Deuterobutyric 224. 322 15.7'28.818.3 20.9 15.7 
acid (2) | (2), (2) (6) 
8,y7-Deuterobutyric 210 309 31.4 40.5 30.2 34.0 29.2 
acid (2) (2), (2); (6) 


Series I] | 
Fasting controls + 171 273 15.624.210.016.6 


NaCl and 1.78% D.O (6) (6) (6) (18) 
a,8-Deuterobutyric 184 287 10.449.147.735.719.1 4.0 4.2 4.5 
acid (1) @) | | 
8,y-Deuterobutyric 168) 270) 39.561.1 17.2 50.3 33.7 17.3 25.4 17.1 


The figures in parentheses represent the number of experiments in each 
test. Each experiment (except those marked *, in which one animal was 
used) was carried out on two rats. 

t Average for 2nd and 3rd days only. 


purified the 6-hydroxybutyrate further by separation as the silver 
salt. For this preparation the sodium salt of the hydroxy acid 
was dissolved in water to make a 10 per cent solution; to this was 
added silver nitrate, equivalent to 1.5 times the weight of the 
residue, dissolved in sufficient water to bring the dilution to 7 
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per cent when mixed with the 6-hydroxybutyric acid solution. 
After addition of absolute alcohol to a 60 per cent concentration, 
the mixture was allowed to stand in the refrigerator for 2 hours, 
and then centrifuged to remove the silver carbonate. Silver 
8-hydroxybutyrate separates slowly after the supernatant liquid 
is returned to the refrigerator, but it is largely complete in about 
6 hours. After centrifugation, the precipitate is washed three 
times with absolute alcohol, and allowed to separate each time in 


TABLE I] 


8-Hydroxrybutyric Acid Excretion in Fasting Female Rats Receiving 150 Mg. 
of This Acid per Day 


8-H ydroxybutyrie acid (as acetone) 


2nd day 3rd day 4th day 
| gm. 8q.cm, 
I ! 155 258 73.5 67 .6 51.7° 
II | 188 290) 24.6 38.7* 
Ill | 6552 141 244 64.1 56.8 46.9 
| 8594 139 242 
lV | 451 149 253 65.9 70.9 78.9 
148 251 
V 140 243 41.6 498 61.1 
5625 173 276 
VIt 152 256 30.4 26.9 34.3 
| §621 109 209 
VIIt 5624 154 258 20.3 29.2 39.9 


5623 + 


* Based on 12 hour samples. 

tT 100 mg. per 100 sq.cm. only. 
the refrigerator. ‘The silver salt is dried in a vacuum desiccator, 
after which it is used for analysis of its silver, 8-hydroxybutyrate, 
and deuterium contents. 

The analyses for deuterium in the original deuterobutyric acids 
as well as in the resulting 6-hydroxybutyric acids isolated from the 
urines were made by determination of the proportion of heavy 
water obtained on the combustion of the samples by the pressure 
float method of Rittenberg and Schoenheimer (5).! 


1 The author wishes to acknowledge the kindness of Professor Schoen- 
heimer for his generous assistance in giving details for construction of the 
apparatus used for the deuterium analysis and hydrogenation. 
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B-Hydroxybutyric acid was chosen as the component to be 
analyzed both because it makes up 75 per cent of the total acetone 
body excretion and because deuterium probably is most stable 
on this compound. Heavy hydrogen is labile in acetone (6), and 
probably also in acetoacetic acid owing to the combined effect 
of the carboxyl and carbonyl groups. In 6-hydroxybutyrie acid, 


TABLE III 
Analyses of Silver 8-Hydroxybutyrate Prepared from 8-Hydroxybutyric Acid 
Excreted by Fasting Female Rats Receiving 8,y-Deuterobutyric 


Acid 
Deuterium analyses 
Ss droxy- ow - 
Origin of sample Ag butyric Water Per 
acid weight combus-_ deuter- 
| tion sure ium 
mg. per per cent gm. 
I(2) 8.2 100.0 100.7 0.0340 0.0117 12.2 23.44 
2 1(3, 4) 27.4 | 98.91 95.6 0.1211 0.0329, 21.9 | 29.80 
4 | III(4) 40.0 99.40 103.4 | 
40.0 99.40 103.6 | 0.0813 0.0208 10.5 | 21.09 
5 | IV(4) 40.0 | 98.80 | 100.5), ..,, pee 
40.0 | 98.80 100.9 0.1549 0.0470 12.3 | 24.44 
6 | V(4) 40.0 98.10 103.0 
40.0 98.50 103.2 0.0443, 23.8 24.23 
7 VI(4), VII(4) 40.0) 99.30 104.8 | | | 
40.0 99.70 | 102.9 | 0.0266, 25.0 | 22.20 
s IV (3) 19.6 99.20 97.4 0.1380 0.0700 20.0 19.02 
V1(3), VII(3) «17.7 100.0 104.7 0.0753 0.0221 11.1 | 23.23 
10 IT1(3), V(3) 23.1 99.80 0.1621 0.0376 20.4 25.20 
lit 55.6 97.13 105.1 | 


This refers to the experiment No. ‘aad day a sample i in Table IL. 

t The silver salt was prepared from pure Ca-Zn l-8-hydroxybutyrate 
isolated from urine of rats fed ordinary butyric acid. These values are 
an average of four figures (94.4, 95.3, 99.8, and 99.7 per cent) for the silver 
determination and of three figures (105.5, 103.4, and 106.3 per — for the 
8-hydroxybutyrie acid. 


however, deuterium may be expected to be stable if present on the 
y-carbon atom, owing to the decreased lability conferred by the 
hydroxyl group as compared with the carbonyl group. 
a,8-Deuterobutyric acid was prepared from ethyl crotonate 
(Eastman) by saturation with deuterium, with platinum oxide 
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as a catalyst. The unsaturated compound had the theoretical 
iodine number as determined by the Wijs method. The sodium 
salt of the saturated acid was prepared by saponification with 1.8 N 
alcoholic potassium hydroxide. The resulting compound was 
only 89 per cent saturated, as demonstrated by the fact that it 
contained only 1.77 atoms of deuterium per molecule as compared 
with a theoretical value of 2.00. 

The sodium salt of 8,y-deuterobutyric acid was prepared from 
the ethyl ester of vinyl acetic acid. The latter unsaturated acid 
was synthesized from allyl eyanide by the method of Bruylants 


TaBLeE IV 
Confirmation of Purity of Hydroxybutyrate by Comparison of Acelylation 
and Sapontfication Values 


Saponification (a) Acetylation (5) 


B-hydroxybutyrate Weight of Percentof Weight of Per cent of b/a 
sample theory sample theory 
gm. gm. 
Known sample* 0, 2538 99.92 0.1111 98 .34 98.6 


0.2831 99.01 0.1093 97.77 


Composite sample of deu- 0.0608 82.00 0.0170 61.75 | 98.8 
tero Ag saltst 0.0482 81.31 0.0333 79.56 


* Sample prepared by hydrogenation of ethyl acetoacetate under high 
pressure and purified by redistillation. This was obtained through the 
courtesy of Professor J. S. Butts and Dr. R. Dressler. 

+t Prepared by treatment of silver 8-hydroxybutyrate with C.HglI, fol- 
lowed by redistillation. The sample was slightly contaminated with 
H.O. The samples were weighed on a microbalance. 


(7) as modified by Linstead, Noble, and Boorman (8). The ethyl 
vinyl acetate was prepared by the catalytic action of sulfuric acid 
on a 1:3 mixture of vinyl acetic acid and 98 per cent alcohol. 
The melting point, refractive index, and iodine number of the 
ester were theoretical (9). The dueterium content of the saturated 
8, y-deuterobutyric acid was found to be the theoretical amount of 


2.0 atoms. 


Results 


The excretion of 6-hydroxybutyric acid in Series I in the control 
rats as well as in those receiving the deuterobutyric acid is sum- 
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marized in Table [. The deuterium analyses of the excreted 
8-hydroxybutyrie acid are also included in this protocol. 

The results of the tests in which 8, y-deuterobutyrie acid was 
fed to fasting rats having no endogenous ketonuria are given in 
Table II, while the analyses of the 6-hydroxybutyric acid are 
included in Tables III and IY. 


DISCUSSION 


These experiments demonstrate that both of the dideutero- 
butyric acids employed are convertible to 8-hydroxybutyric acid 
by the rat. When these acids were fed in doses of 50 mg. (as 
acetone) per 100 sq. cm. per day to fasting rats having an endog- 
enous ketonurla as a result of a previous high fat, low protein 
diet, an appreciable increase in excreted 8-hydroxybutyric acid 
resulted. Moreover, when the £8, y-dideuterobutyric acid was 
administered in doses of 150 mg. per 100 sq. em. (as usually em- 
ployed in our laboratory) to fasting rats previously on the stock 
diet, a ketonuria of similar magnitude to that after ordinary 
butyric acid was noted. 

Only small amounts of deuterium were retained on the £6- 
hydroxybutyric acid resulting after the administration of a,£- 
deuterobutyric acid. On the assumption that any hydroxy acid 
arising therefrom would retain only 1 deuterium atom, it was 
estimated that only approximately 4 per cent of the extra hy- 
droxybutyric acid excreted was still combined with this hydrogen 
isotope. There seems to be no question that the deuterium on 
the B-carbon atom would be removed, especially if acetoacetic 
acid is an intermediate, as Blunden believes (1). Inasmuch as 
the @ position adjacent to the carboxyl group would be very un- 
stable, it is surprising that even this quantity of deuterium es- 
capes transfer. 

On the other hand, a much larger proportion of deuterium was 
retained on the $-hydroxybutyric acid separated after 6,y- 
butyrate was given. Here again it seems certain that the isotope 
on the 6-carbon atom must necessarily be lost. However, the 
y-carbon atom has a much greater stability than the a because of 
the distance from the carboxyl group. In three tests in which 
8,y-deuterobutyric acid was fed to rats having an endogenous 
ketonuria, 17 to 25 per cent of the extra 8-hydroxybutyric acid 
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eliminated was calculated to be deuterohydroxybutyrie acid. In 
nine experiments on exogenous ketonuria, in which the £8,y7- 
dideuterobutyric acid was fed to normal fasting rats, an average 
of 23.6 per cent (19.02 to 29.80) of the 6-hydroxybutyric acid 
excreted contained deuterium. 

The first question which arises is what proof exists that the 
compounds isolated from the urine were pure 8-hydroxybutyric 
acid uncontaminated with unmetabolized deuterobutyrate.  Al- 
though such an explanation seems improbable, there is no evi- 
dence from Series I of the tests on endogenous ketonuria that this 
might not be possible. However, if a constant amount of the 
butyric acid escapes oxidation, it is difficult to see why the deutero 
compound found after the 8, y acid should be so much higher than 
the practically blank values noted after feeding the a,8-deutero- 
butyric acid. 

In Series II an attempt was made to avoid the possibility of any 
such contamination by the use of various solvents. However, 
although variations in solubility of butyric and hydroxybutyric 
acids were found, it was impossible to obtain any solvent which 
would dissolve only one acid to the complete exclusion of the other. 

It was therefore found necessary to approach the problem from 
a different angle. By preparing the pure silver salt of the £- 
hydroxybutyric acid, it was possible to demonstrate that the im- 
purities present were far too small to account for the deuterium 
content of the precipitate. The obvious conclusion is that the 
deuterium must be a component of the 6-hydroxybutyric acid 
molecule. In a sample of silver hydroxybutyrate prepared from 
pure Ca-Zn lhydroxybutyrate (prepared by the method of 
Blunden (10)), it was found that the 6-hydroxybutyrate calcu- 
lated by the constant of Van Slyke (1 mg. of precipitate equivalent 
to 8.45 mg. of 6-hydroxybutyrate as acetone) accounted for a 
recovery of 105.1 per cent of the theoretical, while the silver was 
slightly below the theoretical.2 In analyses of six of the nine 
samples of silver hydroxybutyrate prepared from the urines of 
the rats previously fed 8,y-deuterobutyric acid, the assay of the 


2 This value is based on the assumption that 75 per cent of the §-hy- 
droxybutyric acid is oxidized to acetone. Our experiments indicate that 
this value is probably slightly too low, confirming unpublished results of 
Blunden from this laboratory. 
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hydroxy acid by the Van Slyke procedure was over 100 per cent, 
while in two other cases it was 97.4 and 95.6 per cent. In one 
case the assay was lost. In order for the deuterium to be present 
from a contamination of deuterobutyric acid (assuming all the 
impurities consisted of this compound), it would have to be pres- 
ent in amounts of 9.51 to 14.90 per cent (since 2 deuterium atoms 
would be retained). This would mean that the B-hydroxybuty- 
rate should only account for 95.59 to 90.30 per cent instead of 
105.1 per cent of the silver salt. Such values are far out of range 
of the values we have obtained. As a final proof that the silver 
precipitate was $-hydroxybutyrate without contaminated bu- 
tyrate, it has been shown that the acetyl and saponification values 
were identical on a composite sample. Were any considerable 
portion of butyric acid present, it should have been evident from 
this test. 

Secondly, one questions whether the deuterium could have 
become incorporated in the B-hydroxybutyrate molecule by trans- 
fer. It might be assumed that such an explanation would ac- 
count for the deuterium in the hydroxy acid in the tests of Series 
I in which there was a concomitant endogenous ketonuria. If 
such were the case, there is no reason why as much deuterium 
should not have been transferred from the a,8 as from the B,+¥ 
compound. Such was not the case. Nor did the endogenous 
B-hydroxybutyrate excreted in the control tests in which the 
animals received an equivalent amount of heavy water show any 
deuterium. If such a transfer took place, it should likewise occur 
here. In the third place, although deuterium is labile in some 
eases, the concentration of deuterium so liberated would be far 
too small to enter 25 per cent of the extra 8-hydroxy molecules 
which were being produced. Probably the most convincing 
proof is the fact that in Series II in which no $-hydroxybutyric 
acid was being excreted from endogenous sources, proportionately 
large amounts of deutero-8-hydroxybutyrate were excreted. It 
is also of interest that the proportion of deuterohydroxy ‘acid 
excreted is approximately the same when it was fed in a small dose 
and superimposed on an endogenous ketonuria (19.9 per cent) 
as when it was given in 3 times the dose to fasting rats having no 
endogenous ketonuria (23.6 per cent). 

We have also studied the transfer of deuterium to ordinary 


| q 
| 
~ 
e 
t 
rf 


778 Studies on Ketosis. XVI 


hydroxybutyrate under in vitro conditions. When 0.1415 gm. 
of sodium hydroxybutyrate prepared from Ca-Zn l-hydroxybu- 
tyrate was made slightly alkaline and heated at 100° for 24 hours 
with 30 per cent D.O, no trace of deuterium was found in the 
8-hydroxybutyrate obtained from the sample by the ordinary 
procedures. This quantity of deuterium is far in excess of any 
concentration which the 6-hydroxybutyrate can encounter in the 
tissues. 

Finally, most transfer mechanisms require a prolonged interval 
for completion, while the period after the formation of the hy- 
droxybutyrate prior to its excretion is of necessity a short one. 

Further experiments are now in progress to determine whether 
deuterobutyric acid is produced when the deuterium is placed in 
various positions in the caprylic acid molecule. By such a pro- 
cedure it is hoped to obtain evidence whether more than one 
ketone body fragment may originate from a single, long chain 
fatty acid. 


SUMMARY 


Approximately 25 per cent of the 6-hydroxybutyrie acid ex- 
ereted in the urine which originates from ingested 8, y-deutero- 
butyric acid retains the deuterium. After the administration of 
a,6-deuterobutyric acid, only traces of the deutero-8-hydroxy- 
butyric acid are eliminated. 

The $-hydroxybutyrate was separated in sufficient purity as 
the silver salt to make it impossible to ascribe its deuterium con- 
tent to impurities. Moreover, it seems impossible that a transfer 
mechanism can explain its origin. 

These data prove the urinary hydroxybutyrate to be derived 
from the butyric acid administered; likewise, they demonstrate 
the possibility of using the hydrogen isotope, deuterium, in tracing 
the source of the ketone bodies. 
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In their studies on the influence of acidity upon blood glycoly- 
sis, Lawaczeck (1) and Rona and Iwasaki (2) observed that 
increased acidity led to rapid liberation of inorganie phosphorus 
in the blood, while increased alkalinity led to a transitory de- 
crease that was followed by a slower liberation of inorganic 
phosphorus. Martland (3) found a critical range for these changes 
to lie between pH 7.3 and 7.35, liberation of inorganic P occur- 
ring at reactions below pH 7.3, and esterification occurring only 
at reactions above pH 7.35. Attempts to identify the phosphorus 
compounds concerned in blood glycolysis were made by Barren- 
scheen and coworkers (4) who showed that the so called pyro- 
phosphate fraction (that easily split by acid hydrolysis, later 
identified as adenosinetriphosphate) was decomposed when 
glycolysis was inhibited by hemolysis, narcotics, sodium fluoride, 
and iodoacetate. In 1933 Embden and Meyerhof formulated a 
new theory concerning the breakdown of carbohydrate in muscle 
in which monophosphoglyceric acid plays an important part. 
This theory as applied to blood glycolysis has been elaborated 
in a series of papers by Dische (5). 

While there is no evidence for the presence of monophospho- 
glyceric acid in erythrocytes, they contain, in contrast with 
muscle which has no diphosphoglycerate, considerable amounts of 
diphosphoglycerate. This normally makes up about half of the 
organic acid-soluble P in the blood cells. Previous investigators 
have not proved that this substance plays a réle in the glycolytic 
eycle of blood. Jost’s (6) claim that it increased during the 
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esterification period of blood glycolysis was based upon evidence 
obtained with a non-specific method. Braunstein and others (7) 
found that diphosphoglyceric acid, unlike monophosphoglyceric 
acid, was split very slowly by blood hemolysate, and further that 
pyruvic acid was not formed in this process. However, although 
diphosphoglycerate thus seemed to be a relatively inert substance 
in vitro, it appears to be very labile in the living organism. In 
different conditions its concentration in the blood cells has been 
found to vary between wide limits: zncreased, in nephritis and 
pyloric obstruction (8) and following overdosage with irradiated 
ergosterol (9); decreased, in experimental rickets (10) and in 
certain acidotic states (11). In a series of studies of the réle 
of diphosphoglycerate in blood glycolysis, the following experi- 
ments were designed to investigate the mechanism by which its 
concentration in the cells decreased in acidosis. 


Methods 


Normal human or rabbit blood was defibrinated by gentle 
shaking with glass beads and then filtered through gauze. The 
blood was acidified by increasing the CO, tension or by adding 
dilute HCI in sufficient amounts to obtam the pH desired. The 
blood hemolysates (Table III) were prepared by adding 3 volumes 
of cold water to 1 volume of blood. For the experiments listed 
in Table IV, a 0.2 m solution of sodium iodoacetate was added 
to blood to make the iodoacetate concentration 0.02 Mm. The 
cells designated glucose-free (Table V) were washed in the centri- 
fuge twice with 20 volumes of physiologic salt solution, and then 
resuspended in an approximately equal volume of the salt solu- 
tion. 

The pH of the blood was determined by the glass electrode at 
38°. 

Phosphorus was determined by the method of Fiske and 
Subbarow (12). The hydrolyzable fractions of the organic acid- 
soluble phosphorus were determined by the method of Lohmann 
(13), with phosphorus determinations made after 7, 30, and 150 
minutes of hydrolysis with N H»SO, in a boiling water bath. 
The phosphorus liberated between 7 and 30 minutes was sub- 
tracted from the 7 minute value and added to that liberated be- 
tween 7 and 150 minutes. The corrected 7 minute value thus 
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obtained was designated Fraction 2. It represents the phosphorus 
that is easily split from adenosinetriphosphate, being two-thirds 
of the phosphorus in adenosinetriphosphate. The phosphorus 
liberated during the 7 to 150 minutes of acid hydrolysis is probably 
derived partly from hexosediphosphate and to some extent from 
hexosemonophosphate and from ribosephosphate of adenylic acid. 
It was designated Fraction 3. 

For the diphosphoglycerate fraction, phosphorylated glyceric 
acid was determined by the method of Rapoport (14) and caleula- 
tions were made on the assumption that in normal blood all the 
phosphorylated glyceric acid is in the form of diphosphoglycerate. 
This assumption is based upon the fact that only diphosphoglyceric 
acid has been isolated from blood, and that the preparation of 
diphosphoglyceric acid from blood leads to a pure product. 
If any appreciable amount of monophosphoglyceric acid were 
present, a separation of these two compounds would be difficult 
in view of their similar physical and chemical properties. More- 
over, in blood hemolysates the behavior of the fraction designated 
diphosphoglycerate offers an argument in favor of this assump- 
tion, this fraction, as well as diphosphoglyceric acid added to 
blood, being very resistant to the enzymatic action of blood hemol- 
ysates, while monophosphoglyceric acid is easily split by blood 
hemolysate with the formation of pyruvic acid. This method of 
calculation, however, does not exclude the possibility of some 
formation of monophosphoglyceric acid from the diphosphoric 
ester under changing conditions, with the liberation of phosphorus 
without decreasing the determined phosphorylated glyceric acid. 


Results 


After defibrination, the pH of samples of normal blood usually 
was between 7.6 and 7.7. During 3 hours of incubation at 37° 
an acid shift of 0.2 pH or more usually occurred unless glycolysis 
was inhibited; when glycolysis was inhibited a slight shift toward 
alkalinity was observed. Since it is impossible to use concentrated 
buffer solutions with intact cells, the observations on the pH 
range of certain of the phenomena here discussed have this 
uncertainty. 

Glycolysis in Defibrinated Blood—In Table I are listed data on 
inorganic P, diphosphoglycerate P, and glucose, in samples of 
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defibrinated blood alone and of defibrinated blood to which 
phosphate and glucose had been added. In all these experiments, 
the diphosphoglycerate fraction remained practically unchanged; 
thus the data fail to confirm the assumption of Jost (6) that the 
esterification of inorganic P that normally oceurs during the first 
period of glycolysis leads to an increase of diphosphoglycerate. 
The observations on blood with added phosphate and glucose were 
made because this treatment is known to intensify and prolong 
the period of esterification of inorganic P. Since changes of 


TABLE | 


Defibrinated Human Blood Incubated at 37° (pH 7.6 to 7.7) 


Diphospho- 


Sample No. Time InorganicP g Glucose 
are, "100 cc. 100 ec. "100 
Blood alone I 0) 4.90 14.0 125 
3 4.35 14.0 75 
2 () 4.509 11.8 111 
3 2.83 12.0 60 
" 3 0 2.98 10.9 92 
3 2.27 10.9 56 
Blood with added phos- 4 0) 8.40 11.2 193 
phate and sugar 3 7.20 11.2 150 
0 8.85 15.8 324 
3 48 15.6 260 
6 7.76 16.2 230 
6 0 8.84 15.6 400 
2 7.41 15.5 370 
4 7.99 15.6 350 


15 15.5 320 


adenosinetriphosphate and hydrolyzable P fractions concomitant 
with variations of inorganic P during this period have been 
reported by several investigators (1, 6, 15), these fractions were 
not determined in these experiments. 

Changes of Phosphorus Fractions tn Acidified Defibrinated Blood— 
In Table II are presented results from four experiments selected 
from a series of studies of glycolysis in acidified blood. The data 
show the distribution of the several fractions of acid-soluble P 
found in acidified blood (pH initially adjusted to between 7.0 
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and 7.3) before and after periods of incubation varying from 4 to 
6 hours. Sample 1, a control specimen of non-acidified blood, 
after 6 hours showed no change of the diphosphoglycerate P, and 
no change in the sum of Fractions 1, 2, and 3, while the inorganic P 
increased slightly at the expense of the adenosinetriphosphate. 
Contrasted with this, in all the acidified bloods large decreases 
of the diphosphoglycerate occurred concomitantly with increases 


TABLE I] 


Changes in Phosphorus Fractions in Acidified Defibrinated Blood 
Incubated at 37° 


Phosphorus fractions 
Total 


Blood sample and pH acid- 


inor- 3 tions 1.2, Phoglye- 
ganic | peeves” 3 ’ erate P 


mg. per mg. per mg. per mg. per mg. per mg. per 


100 ce. 100 ce. 100 ce. 100 ce. 100 ce. 100 ce. 
1. Human 
Without 
acid. . 3. 3.66 2.5 9.7 12.6 29.0 
6 (| 7.45) 4.39 | 2.23 3.1 | 
+ CO... 6 7.320) 7.24 | 2.66 3.2 13.1 8.6 
2. Rabbit 
Without 
acid . 0) 7.48, 2.98 | 3.34 5.4 11.7 12.6 31.6 
+ CO, 6 7.08 12.09 | 2.63 3:7 18.4 5.4 
3. Human 
+ HCl. (0) 63.42 | 3.10 7.0 13.5 16.6 38 .6 
4 7.09; 9.47 | 2.97 4.7 17.1 13.1 
4. Rabbit 
+ HC] 3.85} 4.70 6.4 15.0 19.1 42.4 
5 11.83 | 4.50 4.9 21.2 12.7 


* Represents the easily split two-thirds of the adenosinetriphosphate P. 


of inorganic P, while the acid-hydrolyzable Fractions 2 and 3 
decreased only slightly. The preservation of Fraction 2 (adeno- 
sinetriphosphate) in acidified blood with intact cells can be ex- 
plained as due to a synthesis of adenosinetriphosphate which 
proceeds simultaneously with its cleavage, rephosphorylation of 
adenylic acid occurring at the expense of diphosphoglycerate, 
while adenosinetriphosphate is split to yield adenylic acid and 
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phosphoric acid. This apparent ability of diphosphoglyceric acid 
to serve as a phosphorus donor to adenylic acid in the blood is, 
however, at variance with its behavior in muscle extract, as 
reported by Mann-Lutwak (16), and further studies of the en- 
zymatic system in the blood cells are needed to establish the steps 
involved in this reaction. 

Changes of Phosphorus Fractions in Acidified Hemolysate 
(Table III)—In water-hemolyzed blood incubated at 37° the 
inorganic P increased rapidly, while Fractions 2 and 3 were rapidly 
decomposed. The hydrolyzable fractions as a whole (sum of 
Fractions 1, 2, and 3) increased at the expense of the non-hydro- 


TABLE III 
Changes of Phosphorus Fractions in Acidified Hemolyzed Blood 
Incubated at 37° 


Phosphorus fractions | 
Total 


Blood ] d | | id- 
“treatment Time PH Frac- | Frac: | | Diphos- soluble 
jnor- | tion2 tion3 tions1, ? | 
ganic P 2, and 3 — | 
as ‘mg. per mg. per mg. per ‘mg. per | mg. per | mg. per 
100 cc. | 100 ce. 100cc. 100 ce. 100 ce. | 100 cc. 
1. Human, + HCl | O | 7.09| 3.42) 3.11 | 7.1 | 18.6 | 12.6 | 34.1 
| 4 13.50, 0.2 | 3.7 | 17.4; 12.7 | 
O | 6.83) 3.47, 3.77 | 5.2 | 12.4) 11.7 | 29.3 
3 10.10 0.79 | 2.9 13.8 EY | 
3. Rabbit, + CO, | 7.01' 3.09) 3.95 | 9.8 | 12.8; 16.6 | 
3 9.98 0.62 3.5 


14.1 | 16.4 | 


lyzable compounds (probably hexosemonophosphate) but the di- 
phosphoglycerate fraction remained unchanged. The same 
changes were found also in non-acidified hemolysates. In other 
experiments not cited here, similar results were obtained with 
hemolysates prepared by twice freezing and thawing undiluted 
blood. This contrasts with the fact that monophosphoglyceric 
acid is readily split by blood hemolysate (7). It appears, there- 
fore, that intact cells are necessary for the changes of diphospho- 
glycerate demonstrated in Table II. 

Changes of Phosphorus Fractions in Acidified Blood Containing 
lodoacetate—The data in Table IV show that the decomposition 
of diphosphoglycerate in acidified blood was not stopped by the 
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addition of iodoacetate. According to the Embden-Meyerhof- 
Dische theory, iodoacetate interferes with the reaction between 
triosephosphate and pyruvic acid which normally leads to re- 
phosphorylation of adenylic acid, but it does not interfere with 
the transfer of phosphorus from monophosphoglyceric acid to 
adenylic acid. The results in Table IV are compatible with this 
assumption. Since the diphosphoglycerate fraction decreased 
in the acidified iodoacetate-treated bloods, it appears that its 
decomposition is independent of the triosephosphate-pyruvate 
reaction. ‘The decrease of Fraction 3 under such conditions can 
be explained as due to direct phosphatase action. The fact that 


TABLE IV 


Changes of Phosphorus Fractions in Blood Containing 0.02 m lodoacetate and 
Acidified to Approximately pH 7.1, Incubated at 37° 


Phosphorus fractions 


Blood sample Time . 
‘organic Fraction 2. Fraction 3 Fractions 
ron mg. per mg. per mg. per mg. per mg. per 
100 ec. 100 ce. 100 ec. 100 ce. 100 ec. 
1. Human 0) 3.02 3.12 5.0 11.1 15.8 
3 8 06 0.80 4.4 13.2 13.5 
3.1] 3.74 12.2 16.6 
4 9.72 0.51 4.4 14.6 14.0 
3. Rabbit 0 2.81 2.82 4.0 9.6 15.6 
1.30 2.8 12.8 13.0 
4. 0) 2.94 1.9] 4.5 9.4 16.1 
7 10.99 0.00 1.4 12.4 12.7 


Fraction 2 (adenosinetriphosphate) likewise decreased under 
these conditions indicates that the transfer of phosphorus from 
diphosphoglycerate by itself was not sufficient to maintain the 
adenosinetriphosphate. This lends support to the view that the 


‘maintenance of a normal concentration of adenosinetriphosphate 


in the blood depends partly upon the linked triosephosphate- 
pyruvate rephosphorylation of adenylic acid (the Dische reaction). 

Changes of Phosphorus Fractions in Acidified Glucose-F ree 
(Washed) Blood Cells (Table V)—-The data listed in Table II 
indicate that in acidified whole blood Fraction 3 of the acid- 
soluble P changed rather little during glycolysis. To test whether 
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the conservation of this fraction was due to its continuous re- 
synthesis, cells which were washed free of glucose were studied. 
In the absence of glucose, when resynthesis of hexose esters is 
impossible, the breakdown of this fraction should be found un- 
compensated by the rephosphorylation process. ‘The results in 
Table V indicate this to be the fact. Concomitant with a large 
increase of inorganic P, Fraction 3 decreased markedly, while the 
ehanges of Fraction 2 differed little from those shown in Table II. 
This makes it very likely that Fraction 3 is made up mainly of 
carbohydrate esters. 


TABLE V 


Changes of Phosphorus Fractions tn Blood Cells Washed Glucose-Free, 
Resuspended in 0.9 Per Cent NaCl Solution, Acidified with HCI to 
Approximately pH 7.1, and Incubated at 37° 


Phosphorus fractions 


Fraction 1, | Sum of 


Blood sample Time 


Fraction 2 | Fraction 3 lig 

per : mg. mg. mg. per | mg. per 

100 ce. | 100ce. | 100 ce. | 100 ce. 100, cc. 

1. Human 0 1.2 2.12 5.6 
3 7.84 1.81 2.4 ft: Bs 

2. Rabbit 0 0.95 4.13 | 
2.5 8 26 2.82 3.7 14.8 18.1 

4, Human 0) 0.48 3.95 3.0 74°54: 
7 8.14 2.58 1.0 

DISCUSSION 


The experiments presented here show that diphosphoglyceric 
acid can be decomposed by intact cells, probably by way of a 
reaction involving adenylic acid. That this decomposition occurs 
only at a pH below 7.3 is a characteristic of the enzymatic system 
of the blood cells. Further studies are needed to establish the 
steps involved in the transformation of diphosphoglyceric acid. 

These findings suggest that the reactions of the glycolytic 
cycle in the blood have an important biologic function apart from 
the breakdown of sugar; namely, the regulation of the concentra- 
tion at which diphosphoglycerate is carried in the blood under 
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different conditions. The fact that in certain pathologic con- 
ditions large changes in the concentration of diphosphoglycerie 
acid in the blood cells can occur in vivo within relatively short 
periods of time adds to the significance of the chemical mechanism 
by which such changes are brought about. In previous commu- 
nications we have already discussed the réle of diphosphoglyceric 
acid as a phosphorus transport substance; its réle as a non- 
diffusible anion in the blood cells will be treated more fully later. 
It is especially noteworthy here, however, that the synthesis 
and hydrolysis of diphosphoglycerate are strongly affected by 
a range of pH changes seen frequently in the blood in vivo. This 
characteristic brings the glycolytic system into close relationship 
with other mechanisms concerned in adjustments of the acid-base 
equilibrium of the blood. 


SUMMARY 


The rdle of diphosphoglyceric acid in the glycolytic cycle was | 
investigated by studying the behavior of this and other phosphorus 
fractions in normal and acidified defibrinated blood, hemolysate, 
washed cells, and acidified blood to which iodoacetate was added. 

During glycolysis in defibrinated human and rabbit blood acidi- 
fied to pH 7.0 to 7.3, the inorganic phosphorus increased and 
diphosphoglycerate decreased, while the concentration of adeno- 
sinetriphosphate and other acid-hydrolyzable fractions remained 
unchanged. ‘These changes are explained as a linked reaction in 
which the hydrolysis of adenosinetriphosphate is balanced by its 
synthesis; that is, a rephosphorylation of adenylie acid occurring 
at the expense of diphosphoglycerate. Intact cells are essential 
to this reaction. The findings indicate the mechanism by which 
diphosphoglycerate may be reduced in the blood cells in vivo in 
certain states of acidosis, and suggest that the regulation of the 
concentration of diphosphoglycerate in the blood cells is an 
important function of the glycolytic cycle. 
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LETTERS TO THE EDITORS 


THE METABOLISM OF NITROGEN IN THE LEAVES 
OF THE BUCKWHEAT PLANT 


Sir: 

In an experiment in which a preparation of ammonium chloride 
that contained nitrogen of atomic weight 15 was administered to 
buckwheat plants during a period of 47 hours, we have observed 
what appears to have been rapid replacement of the nitrogen of 
the leaf protein with the isotope. This replacement suggests 
that the physiologically active protein of the cells enters into 
reaction with the simple nitrogenous substances in the cell sap, 
and that continuous exchange takes place between the amino 
acids combined in the protein and these substances. 

The plants were grown from seed in a culture solution of the 
composition KH2PO, 0.00325 mM, 0.00215 mM, MgSO, 
0.00105 m, NH,Cl 0.0043 m, CaCl, 0.00215 mM, to which were 
added traces of boron, cobalt, manganese, and other heavy 
metals and 0.1 part per million of iron. The continuous drip 
technique of Shive was employed. At 29 days of age, when 
flowers were beginning to form, the plants were treated for 47 
hours with a culture solution of the same composition in which 
the ordinary ammonium chloride was replaced by a sample that 
contained 1.2 atom per cent of N! in excess of the normal isotope 
ratio. Leaf, stem, and roots were separately dried for analysis 
at 80° and the proximate components were separated by the 
methods of Vickery, Pucher, Wakeman, and Leavenworth (Con- 
necticut Agric. Exp. Stat., Bull. 8399 (1937)). Isotope analysis of 
the nitrogen of the fractions gave the following: leaf protein 
0.070, free ammonia of leaf 0.085, amide nitrogen of leaf 0.088 
atom per cent excess. 

The ammonia nitrogen offered the plant during the experi- 
mental period was thus diluted only 17 times when it was intro- 
duced into the leaf protein and, accordingly, since little growth 
occurred, not less than 6 per cent of the protein nitrogen must 
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have undergone replacement by interaction with the simpler 
nitrogenous substances of the cells among which were ammonia 
and amide nitrogen of augmented isotope ratio. This result is 
closely similar to observations that have been made on protein 
nitrogen replacement in mammals (Rittenberg, D., Schoenheimer, 
R., and Keston, A. 8., J. Brol. Chem., 128, 603 (1939)) but, in 
the plant, the effect apparently takes place more rapidly. 

A similar experiment with a tobacco plant to which the nitrogen 
isotope was administered for 72 hours gave 0.099 atom per cent of 
Nin excess in the nitrogen of the leaf protein. A more complete 
examination of the nitrogen of these plants will form the subject 
of a later communication. 
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SCHWARTZ, 51 | Wyman, 681 
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Acetic acid: lodo-, carbohydrate | 


metabolism, isolated tissues, | 


effect (BARKER, SHorr, and 


MALAM) 33 
Alkaloid(s): Veratrine (Craia 
and JACOBS) 79 
Allothreonine: ‘Threonine, con- 


version (CARTER, HANDLER, 
and MELVILLE) 359 
Amine(s): -Precipitating reagent, 
saccharolactone as (KURTZ 
and WILSON) 


Anticatalase: (Trra) 377 
Apparatus: Photometer, photo- 
electric (ROSENFELD) 179 
_Arginase: Liver, food effect 
(LightBpopy and KLEIN- 
MAN) 71 
Arginine: Determination, Saka- 
guchi reaction (THOMAS, 
INGALLS, and Luck) 263 


693 


Amino acid (s): Determination, | 
semimicro- (ING and BERG- | 


MANN) 603 
N-Methylated, metabolism 

(GORDON) 309 
Reagent, naphthalene-@-sul-_ 


fonic acid (BERGMANN and 
609 


STEIN) 


Ascorbic acid: Kndocrines, avita- 
minosis influence 
TuHers, and HARRELSON) 

245 
Tissue, avitaminosis influence 
(Sure, Tuers, and HAaRREL- 


SON) 245 
Atmospheric pressure: Low, 
blood lipids, effect (Mac- 
LACHLAN) 465 
_Avitaminosis: [:ndocrine ascor- 


Amino - N - monomethyltrypto- 


phane: dl-, 


growth avail- 


ability (GORDON) 309 
i(+)-, growth availability 
(GORDON) 309 


Androsterone: Dehydroiso-, m- 
dinitrobenzene reaction, be- 


havior (LANGSTROTH and 
TALBOT) 759 
m-Dinitrobenzene reaction, 


behavior (LANGSTROTH and 
TALBOT) 759 
Anemia:  Cholesterol-produced 
(Okey and GREAVES) 111 


801 


bie acid, influence (SuRE, 
THerts, and HARRELSON) 

245 

Tissue ascorbie acid, influence 

(Sure, Tuers, and HARREL- 


SON) 245 
Azlactone(s): (CARTER, HaNnp- 
LER, and MELVILLE) 359 
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Bacillus: See also Tubercle bacillus 

Basal metabolism: Iodine effect 
(GAEBLER and BARTLETT) 

559 
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Basal metabolism — continued: 
Pituitary, anterior, extract, 


} 


effect (GAEBLER and Barr- | 


LETT) 599 
Benzene: m-Dinitro-, androster- 
one, reaction (LANGSTROTH 
and TALBOT) 

—,  dehydroisoandrosterone, 
reaction (LANGSTROTH and 
TALBOT) 
Benzoyl-a-aminocrotonic acid az- 
lactone: Preparation (Car- 
TER, HANDLER, and MEL- 
VILLE) 359 
Blood: Acidified, 
glycerate decomposition, 
glycolysis relation (Rapo- 
PORT and GUEST) 781 
Glycolysis, diphosphoglycerate 


decomposition relation 
(Rapoport and GuEsST) 
781 
Group specific substance, 
pneumocoecus Type XIV 
polysaccharide, capsular, 
relation (GOEBEL, BEESON, 
and HOAGLAND) 455 


Lipids, atmospheric pressure, 
low, exposure, effect (Mac- 


diphospho- 


799 


759 | 


465 


LACHLAN) 

Nicotinic acid, mammals 
(PEARSON) 491 
Phospholipids, contaminants 
(CHRISTENSEN) 
Urea, determination (HOWELL) 
641 

Blood cell: Red, calcium 
(STREEF) 661 
—, hydrogen concentra- 
tion determination,  spec- 
trophotometric (DRABKIN 


and SINGER) 


739 
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Blood cell — continued: 

Red, non-hemolyzed, absorp- 
tion spectra (DRABKIN and 
SINGER) 739 

—-, sodium (STREEF) 661 

Blood plasma: Lipids, petroleum 
ether extracts, nitrogenous 
contaminants (FoLtcH and 
VAN SLYKE) 939 

Blood serum: Calcium, deter- 
mination, micro- (SOBEL and 
SOBEL) 721 

Cephalin (THANNHAUSER, 
Benotti, and REINSTEIN) 

709 

Lecithin (THANNHAUSER, 
Benotti, and REINSTEIN) 

3 709 

Protein, specific gravity relation 
(SCHOUSBOE) 371 

Specific gravity determination, 
Krogh syringe, protein rela- 
tion (SCHOUSBOE) 371 

Sphingomyelin (THANNHAUSER, 
BENoTTI, and REINSTEIN) 

709 

Blood sugar: (Glucose-1l-phos- 
phate, relation (Corr, Cort, 
and SCHMIDT) 629 

Bone: Phosphatase, sodium 
glycerophosphate hydrolysis, 
activation energy (BopaAn- 
SKY) 197 

Phosphorus, inorganic, metab- 
olism, radioactive phos- 
phorus as indicator (MANLY 
and BaALe) 125 


Bromide: Body fluids (Werr and 


HASTINGS) 547 
Tissues (WerR and HAsTINGs) 
547 
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Buckwheat: Leaf, nitrogen me- 
tabolism (VickERY, PUCHER, 
SCHOENHEIMER, and RITTEN- 
BERG) 791 

Butyric acid: a, P-Deutero-, 
metabolism, fasting (MorRE- 
HOUSE) 769 

B, y-Deutero-, metabolism, 
fasting (MOREHOUSE) 769 
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Calcium: Blood cell, red (STREEF) 
661 
serum,. determination, 
micro- (SOBEL and SOBEL) 
721 


Carbohydrate: Metabolism, tis- | 


sues, isolated, iodoacetic 
acid effect (BARKER, SHORR, 
and Ma.Lam) 33 
Casein: Cystine liberation, 
tryptic digestion (JONEs and 
(GERSDORFF) 207 
Catalase: Anti- (Tri) 


Immunochemistry (CAMPBELL | 


and FourtT) 385 
Cell: Nucleus lipids (STONE- | 
BURG) 189 
Cephalin: Blood serum (THANN- 
HAUSER,  BENOTTT, and 
REINSTEIN) 
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Body fluids and tissues, deter- 
mination (THANNHAUSER, 
Benottri, and REINSTEIN) 


709 


Tissue (THANNHAUSER, BEN- 
oTT1, WatcortT, and REIn- 
STEIN) 


Cevine: Dehydrogenation, sele- 
nium (Craig and JacosBs) 
79 
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Chick: Antidermatitis factor, 
structure (WooLLEY, WalIs- 
MAN, and ELVEHJEM) 673 

Chloride(s): Biological fluids, de- 
termination, adsorption in- 
dicators (SAIFER and 
HvuGHEs) 273 

micro-, dichlorofluo- 
rescein use (SAIFER and 
HvuGHEs) 243 

Body fluids and 
HASTINGS) 547 
Tissues (WerR and HastiINnGs) 
547 

Cholesterol: Anemia from (OKEY 
and GREAVES) 111 

Colorimetry: Photometer, photo- 
electric, use (ROSENFELD) 

179 

Copper: Cytochrome oxidase, 

tissue, effect (SCHULTZE) 
729 

Corn oil: Fatty acids (LONGE- 
NECKER) 13 

Cosubstrate(s): Proteolysis 
(BEHRENS and BERGMANN) 


(WEIR 


587 

Creatinuria: Iodine effect 
(GAEBLER and BARTLETT) 

559 

Pituitary, anterior, extract, 

effect (GAEBLER and Bart- 

LETT) 559 


Crotonic acid: Benzoyl-a-amino-, 
azlactone, preparation (Cak- 
TER, HANDLER, and MEL- 


VILLE) 359 
Crown-gall: See  Phytomonas 
tumefaciens 


Cysteine: d-, benzyl derivatives, 

optical inversion in vivo (pu 
and 
171 


VIGNEAUD, 
IRISH) 


Woop, 
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| 
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Cysteine — continued: 


d-Homo-, benzyl derivatives, 
optical inversion in vivo (DU 


and 
171 


VIGNEAUD, Woop, 


IRISH) 


Oxidative reactions (TOENNIES | 


and CALLAN) 481 
Cysticercus fasciolaris: Chem- 

istry (SALISBURY and 

ANDERSON) 505 


Cystine: Casein digestion, tryp- 
sin, liberation (JONES and 
GERSDORFF) 207 
Oxidative reactions (TOENNIES 
and CALLAN) 481 
Peptides, physical chemistry 
(GREENSTEIN, KLEMPERER, 
and WYMAN) 681 
Stability, alkali effect (JonEs 
and GERSDORFF) 207 

Cytochrome: C, determination, 


spectroscopic (J UNOWICZ- 
KocHoLaTy and Hogngss) 
569 


—, tissue distribution (JUNo- 


wicz-KocHoLaty and Hoc- 


NESS) 569 
Cytochrome oxidase: Tissue, 
copper and iron deficiencies, 


effect (SCHULTZE) 729 
D 
Dehydroisoandrosterone: m- | 


Dinitrobenzene reaction, be- 
havior (LANGSTROTH and 
TALBOT) 759 


Dermatitis: Anti-, factor, chick, © 
structure (WooLLEY, WalIs- 


MAN, and ELVEHJEM) 673 
Deuterobutyric acid: a, me- 


tabolism, fasting (MoreE- 

HOUSE) 769 
8, y-, metabolism, fasting 

( MoREHOUSE) 769 
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Dichlorofluorescein: Biological 
fluids, chlorides, determina- 


tion, micro- (SAIrFER and 
HUGHEs) 273 
Dinitrobenzene: m-, androster- 


one, reaction (LANGSTROTH 
and TALBor) 759 
dehydroisoandrosterone, 


? 


reaction (LANGSTROTH and 
TALBOT) 759 
Diphosphoglycerate: Blood, 
acidified, decomposition, 
glycolysis relation (Rapo- 
PORT and GUEST) 781 


Dulcitol: 
methyl, 
and LEVENE) 


1 ,2,3,5,6-O-Penta- 
synthesis (Trpson 
575 


E 


Endocrine(s): Ascorbic acid, 
avitaminosis influence(SuRE, 
TueEIs, and HarrELSON) 

245 

Enzyme(s): See also Anticatalase, 
Arginase, Catalase, Glyoxa- 
lase, Pepsin, Phosphatase, 
Trypsin 

Erythrocyte: See Blood cell, red 
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Fat: Depot, linoleic acid relation 
(LONGENECKER) 13 

~~, Oleic acid relation (LONGE- 
NECKER) 13 
Fatty acid(s): Corn oil (LONGE- 
NECKER) 13 
Deposition and utilization 
(LONGENECKER) 13 
Fluorescein: Dichloro-, biological 
fluids, chlorides, determina- 
tion, micro- (SarreR and 
HUGHEs) 273 


Formalin: Fixation, liver lipids, 
effect (HALLIDAY) 


65 
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Glucose-1-pbhosphate: 
sugar formation, réle (Cort, 


Cort, and SCHMIDT) 629 


Liver glycogen synthesis, réle 
(Cort, Corr, and ScHMIDT) 


Glucuronic acid(s): Conjugated, | Hydrogen ion 


biological formation, mech- 


anism (Lipscuitz and BuEbD- | 


ING) 333 
Glutathione: Oxidized, deter- 
mination (DOHAN and © 
W oODWARD) 393 


, reduction, electrolytic (Do- | 
HAN and Woopwarp) 393 
Reduced, determination, gly- | 


oxalase use (SCHROEDER 
and WoopWaArRD) 283 
Glycogen: Liver, synthesis, 


glucose-l-phosphate role 
(Cort, Corr, and ScuMiptT) 
629 

Glycolysis: Blood, diphospho- 
glycerate decomposition rela- 


tion (RaroportT and GUEST) | 
Todoacetic acid: Carbohydrate 


781 

Glyoxalase: Glutathione, re- 
duced, determination, use 
(SCHROEDER and Woopn- 
WARD) 283 
Growth: d/-Amino-N-monometh- 
yitryptophane availability 
(GORDON) 309 | 


i(+)-Amino- N-monomethyl- 
tryptophane availability 


(GORDON) 309 
l( —)-Tryptophane availability 
(GORDON) 309 © 
H 
Hemoglobin: -Oxygen  equilib- 


rium (ALTscHuL and Hoc-_ 
NESS) 315 | 
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Hexitol(s): O-Methylated, par- 
Blood 


tially (Trpson and LEVENE) 
575 
Homocysteine: d-, benzyl deriva- 
tives, optical inversion tn 
vmvo (pU VIGNEAUD, Woop, 
and I[risn) 171 
concentration: 
Blood cell, red, determina- 
tion, spectrophotometric 
(DRABKIN and SINGER) 
739 


Hydrogen peroxide: Methionine 


determination, use (TOoOEN- 


NIES and 481 

I 
Iodine: Creatinuria, effect 
(GAEBLER and BARTLETT) 
559 
Metabolism, basal, effect 
(GAEBLER and BARTLETT) 
559 
Nitrogen excretion _ effect 
(GAEBLER and BARTLETT) 
559 


metabolism, isolated tissues, 
effect (BARKER, SHORR, and 


MALAM) 33 
Tron: Cytochrome oxidase, tissue, 
effect (SCHULTZE) 729 

K 
Ketosis: (MOREHOUSE) 769 
Krogh: Syringe, blood serum 
specific gravity determina- 
tion (SCHOUSBOE) 371 

L 


Lactic acid: Formation, muscle, 
working (FLock, INGLE, and 
BoLLMAN) 99 


} 
} 
| 
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Lactone: Saccharo-, amine-pre- 
cipitating reagent (KurrTz 
and WILSON) 693 

Lecithin: Blood serum (THANN- 
HAUSER, BeNoTTI, and 
REINSTEIN) 709 

Body fluids and tissues, deter- 


mination (THANNHAUSER, 
Benorti, and REINSTEIN) 
709 
Tissue (THANNHAUSER, BEN- 
oTtT1, and REIN- 
STEIN) 717 
Light: Scattering, suspension of 
particles (DRABKIN 
SINGER) 739 
Linoleic acid: Fat depot relation 
(LONGENECKER) 13 


Lipid(s): Animal (THANNHAUSER, 
and REINSTEIN) 
709 

(THANNHAUSER, BENOTTI, 
WALCOTT, and REIN- 
STEIN) 717 
Blood, atmospheric pressure, 
low, exposure, effect (Mac- 
LACHLAN) 465 
plasma, petroleum ether ex- 
tracts, nitrogenous con- 
taminants (Foicn and Van 
SLYKE) 539 
Cell nuclei (STONEBURG) 189 
Liver, formalin fixation, effect 


(HALLIDAY) 65 
Phytomonas tumefaciens (GEIGER 
and ANDERSON) 519 
Tubercle bacillus, chemistry 
(ANDERSON and CREIGHTON) 

57 

Liver: Arginase, food effect 


(LiGHTBODY and KLEINMAN) 
71 
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Liver continued: 
Glycogen synthesis, glucose-l- 
phosphate réle (Cori, Cort, 


and SCHMIDT) 629 
Lipids, formalin fixation, effect 

| (HALLIDAY) 65 
_Lysophosphatide(s): (CHARGAFF 
| and CoHEN) 619 

M 

Magnesium: Distribution, mag- 
nesium sulfate administra- 
tion, effect (Smiru, WINKk- 

LER, and SCHWARTZ) 51 


Magnesium sulfate: Magnesium 
distribution, parenteral ad- 
ministration effect (SMITH, 
WINKLER, and ScHWARTZ) 

Metabolism: Tissue, riboflavin 

and vitamin B heat-stable 


components, effect (Hasrt- 
INGS, Muvus, and BeEssey) 

295 
-, thiamine effect (Muvus, 


Welss, and HastinGs) 303 
, Vitamin deficiencies (Has- 
TINGS, Muus, and 


295 

(Muvus, Wetss, and Has- 
TINGS) 308 
Methionine: (ToOENNIES and 
| CALLAN) 481 
Determination, hydrogen per- 
oxide oxidation (TOENNIES 

and CALLAN) 481 
Oxidative reactions (TOENNIES 
and CALLAN) 481 

Skin, human (WILKERSON and 
TULANE) 477 
Stratum corneum, human 
(WILKERSON and TULANE) 

477 


Subjects 


Mosaic: Tobacco virus pro- 
tein, viscosimetry (FRAMpP- 
TON) 233 


Muscle: Lactic acid formation, 
work effect INGLE, 
and BoLLMAN) 99 

Mycolic acid(s): Tubercle bacil- 
lus, avain, wax (ANDERSON 
and CREIGHTON) 57 


N 


acid: 
Amino acid reagent (BERG- 


MANN and STEIN) 609 
Nicotine: Urine, determination 
(Corcoran, HELMER, and 
PAGE) 89 


Nicotinic acid: Blood, mammals 
(PEARSON) 49] 
Nitrogen: Buckwheat leaf, me- 
tabolism (VicKERY, PUCHER, 
SCHOENHEIMER, and RITTEN- 
BERG) 791 


iodine effect 
(GAEBLER and BARTLETT) 
559 


, pituitary, anterior,  ex- 
tract, effect (GAEBLER and 


BARTLETT?) 559 
Nucleus: Lipids (STONEBURG) 
189 

O 


Oil: See also Corn oil 

Oleic acid: Fat depot relation 
(LONGENECKER) 13 

Organic compound(s): Vitamin 
( synthesis and excretion, 
feeding effect (LONGE- 
NECKER, Muswu.in, TULLY, 
and KING) 445 

Oxidase: (‘ytochrome. See 


(‘vytochrome oxidase 


SO7 


Oxygen: Hemoglobin-, equilib- 
rium (ALTSCHUL and 
NESS) 315 


Pp 


Pancreatectomy: d-X ylulose 
metabolism, effect (LARSON, 
CHAMBERS, BLATHERWICK, 
I;wIna, and SAWYER) 701 

l-Nvlulose metabolism, effect 


(LARSON, CHAMBERS, BLa- 
THERWICK, and 
SAWYER) 701 

_ Pantothenic acid: Chick require- 
ment (JUKES) 225 
Pasteur reaction: (BARKER, 
SHorr, and Maram) 33 


Pentamethyl dulcitol: 1,2,3,5,6- 
Q-, synthesis (Tipson and 


LEVENE) 575 
Pepsin: Crystalline, solubility 
(STEINHARDT) 135 


, -, factors affecting (STEIN- 


HARDT) 135 
Peptide(s): Cystine, physical 
chemistry (GREENSTEIN, 
KLEMPERER, and WyMan) 

| 681 
_ Phenylalanine: Chemistry 
(BLock and l 
Metabolism and 
BOLLING) 
Nitration (Biock and Bo.u.- 
ING) l 
Phosphatase: kone, sodium 
B-glycerophosphate hydroly- 

sis, activation energy 
(BODANSKY) 197 


Phosphate: Organic, determina- 
tion, King method, urea and 
sodium chloride effect (RAE 
and KasTcorTr) 255 
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Phosphatide(s): Lyso- (CHAR- 
GAFF and CoHEN) 619 
Phytomonas tumefaciens, 
chemistry (GEIGER and 
ANDERSON) 519 
Phospholipid(s): Blood,  con- 
taminants (CHRISTENSEN) 
531 
injection 
23 


Fate, intravenous 
(HAVEN and 
Phosphorus: Inorganic, 
metabolism, radioactive 
phosphorus as _ indicator 
(MANLY and BALE) 125 
—, teeth, metabolism, radio- 
active phosphorus as in- 
dicator (MANLY and BaLe) 
125 
Radioactive, bone phos- 
lism, indicator (MANLY and 
BALE) 125 
—,tooth phosphorus, inor- 
ganic, metabolism, indicator 
and BALE) 125 
Photometer: Photoelectric (Ro- 
SENFELD) 179 
Phytomonas tumefaciens: Chem- 
istry (GEIGER and ANDER- 
SON) 519 
SON) 519 
Phosphatide, chemistry (GEI- 
GER and ANDERSON) 519 


BARTLETT) 559 
—, metabolism, basal, effect 
(GAEBLER and BARTLETT) 
559 

—-, nitrogen excretion, effect 


(GAEBLER and BARTLETT) 


559 


bones, 


phorus, inorganic, metabo- | 


Lipids (GeIGeR and ANDER- | 


| properties (STANLEY) 
Pituitary extract: Anterior, crea-_ 
tinuria, effect (GAEBLER and | 


Index 


| Pneumococcus: Soluble specific 
substance, chemo-immunol- 
ogy (GoEBEL, BEESON, and 
HOAGLAND) 455 
Type XIV polysaccharide, cap- 
sular, blood Group A specific 
substance, relation (GOEBEL, 
BEESON, and HOAGLAND) 
455 
Polysaccharide: Pneumococcus 
Type XIV, blood Group A 
specific substance, relation 
(GOEBEL, BEESON, and 
HOAGLAND) 455 
Protein(s): Blood serum, specific 
gravity relation (ScHous- 
BOE) 371 
Digestibility im vitro (JONES 


and GERSDORFF) 207 
Tobacco mosaic virus,  vis- 
cosimetry (FRAMPTON) 233 


Proteolysis: Cosubstrates (BEH- 
RENS and BERGMANN) 587 


R 


Riboflavin: Tissue metabolism, 
effect (Hastines, Muvs, and 
BESSEY) 295 

Ring spot: Tobacco, virus, re- 


covered plants, isolation 
(STANLEY) 429 
Virus, tobacco, isolation and 


405 


S 


Saccharolactone: Amine-precipi- 
tating reagent (Kurtz and 
WILSON) 693 


Selenium: Cevine dehydrogena- 
tion (Craia and Jacoss) 
79 
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Skin: Human, chemistry (WIL- 


KERSON and TULANE) 477 | 
—, methionine (WILKERSON | 
and TULANE) 477 


Sodium: Blood cell, red (STREEF) 
661 

Sodium chloride: Organic phos- 
phate determination, King 
method, effect (Rar and 
EASTCOTT) 255 
Sodium 8-glycerophosphate: 
Hydrolysis, bone phospha- 
tase, activation energy 
(BoDANSKY) 197 
Specific gravity: Blood serum, 
protein relation (ScHousBOE) 


371 

Spectrophotometry: (DRABKIN 
and SINGER) 739 
Sphingomyelin: Blood serum 
3 (THANNHAUSER, JBENOTTI, 
and REINSTEIN) 709 


Body fluids and tissues, deter- 


mination (THANNHAUSER, 
BENotTT!I, and REINSTEIN) 
709 


Tissue (THANNHAUSER, BEN- 
oTT1, Waxtcotr, and REINn- 


STEIN) 717 
Stratum corneum: Human, 
methionine (WILKERSON and 
TULANE) 477 
Substrate(s): Co-, proteolysis 
(BEHRENS and BERGMANN) 
587 


Sulfonic acid: Naphthalene-f-, 
amino acid reagent (BERG- 
MANN and STEIN) 609 


T 


Thiamine: Determination, ultra- | 
micro-, fermentation method | 


809 


(ATKIN, SCHULTZ, and 


471 

Tissue metabolism, _ effect 
(Muvus, Weiss, and Hast- 
INGS) 303 
Threonine: Allo-, threonine, 


conversion (CARTER, HAND- 
LER, and MELVILLE) 359 
Allothreonine conversion (CarR- 
TER, HANDLER, and MEL- 
VILLE) 359 
Tissue: Metabolism, riboflavin 
and vitamin B heat-stable 
components, effect (Hast- 
INGS, Muus, and Bessry) 
295 
—, thiamine effect (Muuvs, 
Weiss, and Hastines) 303 
—, vitamin deficiencies (Hast- 
INGS, Muus, and 


295 
(Muus, Werss, and Hast- 
INGS) 303 


Tobacco: Mosaic virus protein, 
viscosimetry (FRAMPTON) 
| 233 
Ring spot virus, isolation and 
properties (STANLEY) 405 
-~, recovered plants, iso- 
lation (STANLEY) 429 
Tooth: Phosphorus, inorganic, 
metabolism, radioactive 
phosphorus as_ indicator 
(MaNty and 125 
Trypsin: Casein digestion, cys- 
tine liberation (JONES and 
GERSDORFF) 207 


Tryptophane: di-Amino-N-mono- 


methyl-, growth availability 
(GORDON) 309 


| 
hiamine— continued: 

| 

| 
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Tryptophane— continued: 
+)-Amino-N-monomethyl-, 


growth availability (Gor- 
DON) 309 
i(—)-, growth availability 
(GORDON) 309 


Tubercle bacillus: Avian, wax, 
mycolic acids (ANDERSON 
and CREIGHTON ) 57 

Lipids, chemistry (ANDERSON 
and CREIGHTON) 57 


U 


Urea: Blood, determination 
(HOWELL) 641 
Organic phosphate determina- 
tion, King method, effect 
(Rag and Kastrcorr) 255 
Urine: Nicotine determination 
(Corcoran, HELMER, and 
PAGE) 89 


V 


Veratrine: Alkaloids (Craig and 
JACOBS) 79 

Virus: Tobacco mosaic protein, 
viscosimetry (FRAMPTON) 


} 


233 
—ring spot, isolation and 
properties (STANLEY) 405 


— —, recovered plants, iso- 
lation (STANLEY) 429 
Vitamin(s): B, heat-stable com- 

ponents, tissue metabolism, 

effect (HASTINGS, Muus, and 

BESSEY) 295 

C excretion (Musu tin, TuLty, 
LONGENECKER, and KING) 

437 
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Vitamin(s)— continued: 


C excretion, organic compound 
relation (LONGENECKER, 
Musvutin, and Kine) 

445 
synthesis (MusuLin, TULLy, 
LONGENECKER, and KING) 

437 

, organic compound rela- 

tion (LONGENECKER, Musv- 
LIN, and KING) 448 
Deficiency, tissue metabolism 


(HAsTINGs, Muvus, and 
BESSEY) 295 
(Muvs, Wetss, and Hast- 
INGS) 303 


Interrelationships (SURE, 
Tues, and HARRELSON) 
245 

K, physicochemical concentra- 
tion (RIEGEL, SCHWEITZER, 
and SMITH) 495 
See also Avitaminosis 


WwW 
Wax: Tubercle bacillus, avian, 
myeolic acids (ANDERSON 


and CREIGHTON) 57 
Work: Muscle lactic acid forma- 
tion, effect (Lock, INGLE, 
and BoLLMAN) 99 


x 

Xylulose: d-, metabolism, pan- 
createctomy effect (LARSON, 
CHAMBERS, KLATHERWICK, 
Ewinc, and Sawyer) 701 
metabolism, pancreatec- 
tomy effect (LARSON, 
CHAMBERS, BLATHERWICK, 
and Sawyer) 701 
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